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NOTES ON NAVAL DYNAMO MACHINERY. 
By Lieutenant J. B. Murdock, U. S. N. 



The steady development of marine dynamo machinery and the 
number of applications opening for its further use aboard men-of- 
war, render the subject of direct importance to every student of 
naval construction or equipment. Recognizing the interest felt 
throughout the service in electrical matters, it affords me pleasure 
to comply with the invitation of the Board of Control to con- 
tribute a paper on the subject. 

An inspection of the systems and electrical apparatus in use in 
the different European navies in 1891, followed by duty at the 
New York Navy Yard, where the electrical plants of nearly all the 
vessels of the Navy have come under my inspection, has demon- 
strated to my satisfaction the two facts that our electrical plants 
are in most respects superior to those in use in other navies, but 
deteriorate more rapidly. 

It has been the practice of the Bureau of Navigation, and later 
of the Bureau of Equipment, to publish in the Naval Intelligence 
Annuals general descriptions of the apparatus introduced in our 
ships, and the articles therein contained cover the subject very 
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fully. As no article of the kind appears in the last Annual, the 
attempt will be made to partly cover the subject in this paper. 

The Bureau of Equipment now issues standard specifications 
for nearly all of the electrical material used aboard ship. 

The specifications for generating sets were referred to in the 
Intelligence Annual for 1892, and an illustration given of an eight- 
kilowatt set, of the new type, as constructed by the General 
Electric Co. The principal points of the specifications which 
•determined the construction of this type were the continuous 
operation of the engines without oil in the steam spaces, the pro- 
vision limiting the heating of the dynamo, and the absence of 
external magnetic field. Two eight-kilowatt sets of this type 
have been placed aboard the Concord, and two others aboard the 
Bennington. Sixteen-kilowatt sets are in use on the Dolphin, 
Detroit and New York, while thirty-two-kilowatt sets, shown in 
Fig. I, are also installed aboard the latter vessel. Similar sets of 
various sizes are constructed and in process of installation aboard 
the Maine, Cincinnati, Raleigh, Montgomery, Marblehead, Colum- 
bia, Puritan, Terror and Amphitrite. Under these circumstances 
a few details may be of interest. 

The finished weights and dimensions are as follows : 





Weight. 


Length. 


Width. 


Height. 


Watts 
per lb. 


400 amperes, 


11,100 lbs. 


9 ft. 2 in. 


4 ft. I in. 


5 ft. 9} in. 


2.89 


300 amperes, 


9,100 lbs. 


8ft. fin. 


3 ft. 10 J in. 


5 ft. 5J in. 


2.64 


200 amperes, 


6, 160 lbs. 


6 ft. 9 J in. 


3 ft. 4j in. 


5 ft. i in. 


2.60 


100 amperes, 


3,750 lbs. 


5 ft. 6J in. 


2 ft. 10 in. 


4 ft. 9 in. 


2.13 



The construction of the engines is much heavier than was for- 
merly the case, the number of breakages of those in use in the ser- 
vice having apparently shown that strength had been unduly 
sacrificed to decrease weight. The new engines have more clear- 
ance in the cylinders, and although this is uneconomical so far as 
steam is concerned, it is of value when working with wet steam 
or when threatened by water. As the presence of water in the 
cylinder has always been a cause of damage to dynamo plants, 
special attention is given to drainage, and the cylinders are fitted 
with both hand and automatic relief valves. The governor is 
of the common automatic type, the weights being placed in a wheel 
midway between the cranks. The space allowed is barely sufficient 
in the smaller engines, and they do not govern as closely as the 
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larger sizes. The closest regulation has been obtained from the 
24 K. W. sets which, on test for acceptance, averaged only five 
revolutions change of speed from full load to no load, the momen- 
tary increase, when all load was thrown off suddenly, being only 
eight revolutions. The requirement of the specifications, that the 
variation of speed should not exceed eight revolutions when the 
steam pressure changed from sixty to one hundred pounds, neces- 
sitates considerable reserve power at ordinary working pressures, 
and even more was furnished, the engines having carried full load 
on the dynamos at thirty-five pounds pressure, although intended 
for eighty, and at the latter pressure having under test carried 
double load. The pistons are without packing rings, and all four 
sizes of the engines have the same stroke, six inches, the cylinder 
diameters being respectively 13, io|, 8 J and 6 J inches. All bear- 
ings are of gun-metal except in the $2 K. W. sets, where the 
crank-pin boxes are partially babbitted. The cranks are set at 
90°, causing a poor balance and consequent noisy working, prob- 
ably the most serious defect of the engine. 

The dyna-mos are four-pole, compound wound. The frame and 
field cores are of cast steel in one piece, the pole pieces being 
bolted on. The field coils are cylindrical and wound on vulca- 
beston spools, the spools on the small dynamos being coned, on 
account of the lack of room. The series coils are next the core, 
the ends being brought out directly opposite each other, and all four 
spools are coupled in series. The shunt winding is outside the 
series, and the spools are also in series. This arrangement greatly 
facilitates repairs, as a defective spool can be removed and re- 
wound without touching the others.* 

The shape of the field frame and the position of the coils are 
such as to minimize all external magnetic field. No magnetism 
can be detected on the outer part of the frames except in one or 

* The arrangement of the field magnets has been modified in dynamos for 
the Boston, Atlanta, Texas and the battleships. In the new type the frame 
is divided horizontally, the upper half lifting off, while the cores and pole 
pieces are cast together, and each core bolted to the frame, so that the axes 
of the cores are inclined 45 ** to the vertical and horizontal instead of being in 
those planes. The armature has its own shaft, which is rigidly coupled to 
that of the engine, but is in other respects unchanged. The battleships will 
have a new type of engine, which is somewhat smaller but better balanced 
than the one described in the text. 
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two positions, and the external field is imperceptible on a hori- 
zontal force instrument at a distance of fifteen feet. While it may- 
be urged that the influence of a dynamo placed in an iron com- 
partment is imperceptible on a compass at a distance, there are 
instances on record in which peculiar arrangements of steel bulk- 
heads have resulted in a deflection of the compass whenever the 
dynamos were in operation. This magnetic effect could be easily 
counteracted, but the present policy of entirely preventing it is a 
most effective safeguard. The multipolar type of dynamo allows 
of reduction of weight, although necessitating somewhat greater 
floor space. 

The armatures of the new type dynamos are Gramme wound, 
and slide off" and on a shaft common to both engine and dynamo, 
being secured by a feather and slot and kept in place by set-screws. 
The armature is built up of soft iron discs, clamped together, there 
being no through bolts. In the first armature constructed for the 
i6 K. W. (200 ampere) dynamos, it was found on making efficiency 
tests that the total core loss due to eddv and foucault currents in 
the mass of the armature itself was 1207 watts, and the armature, 
when run on open circuit, the field being separately excited, heated 
to 22° F. above the air in two and three-quarter hours. As the limit 
of heating in a full load run of four hours is 50°, this allowed but 
little margin for the heating due to the current, and armatures 
tested under these conditions heated from 60° to 80° above the 
air. A new type of construction was therefore adopted. The 
core discs were held together by clamps, all through bolts being 
removed and the discs themselves being carefully insulated. The 
armature winding was also changed, being made of stranded con- 
ductors, each wire being separately insulated before stranding. 
The effect of these changes was most marked, the total core losses 
falling below 700 watts, and heating on the full load run of four 
hours to about 45° F. 

The commutator is of bronze, the number of segments varying 
from 120 to 144 in the different sizes. The commutator has cross 
connections inside for use with two sets of brushes. 

As a result of the range of steam pressure called for under the 
engine specifications, and of the low heating limit allowed for the 
dynamo, the generating set possesses great reserve power. In 
one of the tests, while operating two 200-ampere dynamos in 
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multiple with about 80 pounds of steam, the whole load of 400 
amperes was inadvertently thrown on one dynamo. No notice- 
able diminution of speed of the engine occurred, nor was there 
any sparking on the dynamo, and the overloading was manifest 
only on the ammeter. When the double load of 400 amperes was 
thrown off it was not necessary to adjust the brushes, the sparking 
being insignificant. This capacity for carrying an overload is of 
the greatest value in ship work, as, in case of damage to one set, 
all the work could be done by another. There is no question of 
the capacity of the dynamo to carry one hundred and fifty per 
cent, of its rated load for long runs without material damage, nor 
is there any lack of power in the engine. In any particular case, 
the amount of safe overloading would probably depend upon the 
heating of engine bearings and crank pins. 

All dynamos as yet used in our service, have been fitted with 
rheostats in the shunt field, to admit of variation of the voltage. 
This design has found but little favor in other countries, either for 
commercial or marine work, but it is universally adopted in the 
United States, and the ease of adjustment thus obtained is so great 
that no other system is considered. Commercial practice also 
includes an adjustable resistance in parallel to the series field, and 
this is authorized on board ship when the dynamos are required to 
operate in parallel. 

WIRING. 

The greatest care has always been taken in wiring vessels of 
the United States Navy, and the standards of insulation and of 
work are of the very highest order. The student of electrical 
engineering can nowhere find a better example of a thoroughly 
high grade installation than on one of our ships. This excellence 
of work is, under the prevailing high wages and short working 
hours, obtainable only at a great expense as considered with the 
cost of foreign installations, but economy should not be sought in 
any changes involving the efficiency of the installation or the 
lowering of the standard of work. 

The general system of wiring is to run two sets of circuits. One 
set called the ''battle circuits" includes all lamps necessary in 
action. These circuits generally include all lights in fire and 
engine-rooms, coal bunkers and store-rooms below the protective 
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decks, lights not needed in action being turned off separately. On 
upper decks the battle lanterns are so placed as not to show from 
outboard. All exposed lights and all used for ordinary illumination 
are put on *'the lighting circuits." On going to quarters all these 
lights are cut out at the switchboard in the dynamo-room, and there 
is no necessity for an inspection of the whole ship to determine if 
unauthorized lights are in operation. 

To further insure proper lighting in action, the ends of the battle 
mains are interlocked at many places in the ship, and the circuits 
are kept as much as possible below the protective deck. This 
system becomes more important as the necessity for electrical 
energy in time of action increases, as it is doing daily by the 
extended use of electric motors. 

The number of circuits at the switchboard has been decreased 
of late by the use of '* feeders." These are heavy conductors lead- 
ing from the dynamo-room to the general location to be lighted, 
where, by means of a '' feeder junction box," they branch right and 
left into ''mains." Each pair of mains may have a feeder box 
placed in it, allowing its division into two other pairs of mains. 
These feeder boxes contain no fuses, and the mains leading from 
them must therefore have a safe carrying capacity equal to that of 
the feeder fuses at the main switchboard. Switches may be inter- 
posed in the mains as desired, and in case the arrangement of the 
ship is such as to necessitate the use of many switches on the 
lighting circuits, it would be advisable to place the feeder boxes 
and switches together in sub-stations. 

Subdivisions known as branch mains are taken off the mains by 
means of ordinary junction boxes, each of which contains a fuse. 
Branches may be taken from the branch mains in the same way. 
Ordinarily it is not intended that more than four lights shall be 
taken . off one junction box, and the specifications call for an 
unbroken wire from the box to the lamp. All wires are enclosed 
in pine mouldings, there being at least three-quarters of an inch of 
wood between wires, and three-eighths between either wire and 
any metal connected with the ship. As a rule all fixtures are 
secured on wood, avoiding a heavy ground in case of low insula- 
tion resistance on the sockets or other metal parts. Of late, com- 
mercial ceiling fixtures, ceiling cut-outs, and non-watertight 
junction boxes have been installed in quarters where their use in 



NOTES ON NAVAL DYNAMO MACHINERY. 35 1 

nowise impairs the insulation efficiency of the plant, "with the idea 
of avoiding the expense and loss of light attendant on use of the 
standard water-tight fixtures. There is probably no case recorded 
of any report having been made complaining of too much light in 
any of the living spaces of a ship. The tendency is always to seek 
a brilliant illumination, and it is very poor economy to obtain light 
and then interpose heavy ground shades for the purpose of sub- 
duing it. 

The search-light leads extend from the switchboard, directly to 
the projectors or to the control stands, being broken at intervals 
of about every fifty feet for convenience in installation, the ends 
being joined in search-light junction boxes which contain no side 
holes and no fuses, being used simply to avoid splices. 

The standard wire is now without any lead covering. The 
latter was used as a waterproof covering to the insulation and 
as protection from mechanical injury. In neither of these two 
respects did it prove satisfactory. The spar-deck and engine-room 
circuits of several ships, wired with lead-covered wire, have had to 
be entirely renewed at the end of three years. On removing the 
old wire, it is found that the handling involved in getting it into 
place is very liable to break or dent the lead, admitting water to 
the insulation and retaining it. Any defect in the insulation will 
then cause a bad ground. The lead covering practically puts all 
grounds in parallel, and is, moreover, objectionable from its extra 
cost and weight. The new standard wire depends for its dura- 
bility on the insulation being to a greater extent of vulcanized 
rubber, and on a heavy braid covering which is saturated with a 
waterproof compound. Sufficient mechanical protection is given 
by the moulding. The new wire is, of course, to a certain extent 
experimental, and if experience should show that it is inferior to 
wire of the same grade covered with lead, the latter might be 
again used. 

In order to obtain the high insulation resistance called for in 
naval plants, great care is necessary in installation. The standard 
called for, of at least one megohm on each circuit, and 500,000 
ohms on all in parallel; is intended to secure care in installation, 
and would be unobtainable in anything but dry weather, the sur- 
face conduction over socket shells and over exposed metal parts 
of the circuit being sufficient in ordinary weather to bring the in- 
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sulation far below that figure. The general precautions taken, in 
order to reach the limit, are the use of high insulation wire and the 
separation of all parts of the circuit from the metal of the ship by- 
means of wood moulding, or by hard rubber tubing when passing 
through bulkheads and beams. Grounds frequently occur on the 
lamp sockets, which would be dead grounds if it were not for the 
interposition of wood. 

The high insulation called for is not only a guarantee of good 
material and careful work, but also insures against accident 

With telephones, fire and water alarms, torpedo and gun circuits, 
helm and revolution indicators, and various kinds of call signals, all 
operated by electricity, high insulation of the dynamo circuits 
becomes a necessity, a cross between two wires involving many pos- 
sibilities of trouble. An electric light system would probably ope- 
rate perfectly well on an insulation of five hundred ohms, although 
there would be a greater risk of sudden break down aboard ship 
than would exist in shore plants. The specifications call for the 
best possible work in installation, as a guarantee of good opera- 
tion and durability. Every care should be taken to localize and 
eliminate even light grounds. Nearly all the trouble is experi- 
enced on the fire-room and spar-deck circuits, and arises very 
largely from the water-tight fittings not being properly closed and 
screwed up, allowing damp air or water to get inside. 

In laying out the wiring, the size of the wires is determined 
under three provisions of the specifications. One stipulates that no 
single conductor shall be smaller than number i6 B. W. G. The 
second calls for a cross section of one thousand circular mils (one 
square inch equals 1273236 circular mils) for each ampere of cur- 
rent at full load, authorizing a double current in search-light leads. 
The third calls for such a cross section that the fall in potential 
between the dynamo and the farthest lamp shall not be more than 
three per cent on full load. 

In laying out a ship installation the calculations are made on 
the area of the conductors in circular mils. As stranded cables 
are used for all sizes above No. 14 B. W. G., results cannot be 
expressed in terms of diameter. The exact area required cannot 
always be obtained in stranded cables, and the nearest size ad- 
mitting of convenient manufacture is therefore taken. The fol- 
lowing are the sizes of conductors commonly used in the ser- 
vice : 
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No. i6 B. W. G 4,225 circ. 

No. 14 '' 6,889 

20-30 B. W. G. flexible cord. . .2,880 

7-22 B. & S. flexible cord 4,498 

7-20 B. W. G 8,575 



mils. 



7- 

7- 

7- 

7- 

7- 

7- 
19- 

19- 

19- 

n- 

37- 
11- 



8 B. &S 11,368 

9 B. W. G 12,348 

6 B. &S 18,080 

7 B. W. G 23,548 

6 *' 29,575 

5 '' 36,288 

8 '* 45,619 

7 *' 63,916 

6 '' 80,275 

8 - 88,837 

7 " 124,468 

6 '' 156,325 



The ruling condition of manufacture of stranded cables is that 
the cable must consist of 7, 19, 37 or 51 wires, if all are of equal 
size. By varying the size of each of the component wires, stranded 
cables of any desired cross section may be made. 

The determination of the cross section of the mains is as fol- 
lows : The maximum drop allowed is three per cent, on eighty 
volts or two and four-tenths volts : 

. •. 2.4 = current X resistance of mains. 

The resistance of a conductor of pure copper is commonly ex- 
pressed by 

„ Length of conductors X 9.612 (i +tf/) 

Area of conductor in circular mils ' 

9.612 being the resistance in legal ohms at o® Centigrade of a 
wire one foot long and one circular mil in area. Adopting 70° 
F. as an average temperature for wires on shipboard, this expres- 
sion reduces to 

P_ LengthX 10-42 
Area 

Although navy specifications call for pure copper wire, the 
twisting involved in making stranded conductors shortens the 
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cable from three to five per cent and practically diminishes its 
conductivity to that extent. Introducing an allowance of four per 
cent., we have 

^^ Length X 10.83 
Area 

Substituting in the first formula and reducing we have 

Area in circular mils = 4- 5 X ^C*, 

L being the total length of wire in circuit in feet (both conduc- 
tors) and C the current in amperes. 

Making C unity and substituting 1000 circular mils, the corre- 
sponding area called for by the navy specifications, we obtain a 
value of Z of 222 feet. For shorter lengths than this, the area 
calculated from drop alone would be less than allowed by the 
specifications for carrying capacity. We have, therefore, the sim- 
ple rule : for mains extending to shorter distances than 1 1 1 feet 
from the dynamo, the area is determined by allowing one thous- 
and circular mils per ampere ; for greater distances, the area must 
be determined from the fall of potential alone by the above 
formula. 

A useful modification of the formula is to determine the area 
of conductor for any given number of 16 candle-power lamps^ 
each averaging about eight-tenths of an ampere. Substituting 

8iV 

for C, iV denoting number of lamps. 



10 

Area = 3.6 xZiV[ 

These formulae apply, of course, only to navy standard lamps 
and to naval wiring specifications. 

Most of the fittings in use aboard ship are figured in General In- 
formation Series, No. XI. A few others are shown in Figures 2 
and 3. Figure 2 is a receptacle for search-light leads, being 
placed near the projector. Its use is not universal, as the leads 
may, in many cases, lead unbroken to the switch in the control 
stand or pedestal. Figure 3 shows the stuffing boxes used in 
carrying wires through water-tight bulkheads or decks. The small 
one is the ordinary bulkhead tube. The one on the left is for 
ordinary decks, the right hand one being for protective or other 
curved decks. The length is necessary to pass through the 
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planking". All these tubes are of brass, lined with hard rubber 
tubing. 

SEARCH-LIGHTS. 

Several kinds of search-lights are now in use in the service. 
The Chicago, Atlanta, Boston, San Francisco and some others are 
fitted with apparatus of French manufacture; later cruisers 
received projectors made by the Thomson-Houston Co., while 
those finished within the last year are fitted with Thomson-Hous- 
ton projectors of still another type. 

The Mangin projector, as originally manufactured by Messrs. 
Sautter and Lemonnier, of Paris, was admirably designed and 
constructed for the conditions of use on shipboard, and but few 
improvements in the general plan have since been made. It is 
desirable to have the projectors used in our service of American 
manufacture, and the Thomson-Houston Electric Co. have, for 
several years, supplied good apparatus. The principal trouble has 
been with the mirrors, great difficulty having been experienced in 
making the silver permanently adherent to the glass. The manu- 
facturers are now willing to guarantee the silvering, and greater 
durability is hoped for. 

The latest type of projectors, illustrated in Fig. 4, are much larger 
and heavier than their predecessors, and in those respects are not 
improvements. They include, however, the new principle of 
electrical control, and the experience obtained with them will be 
of value. The apparatus is quite thoroughly explained in General 
Information Series, No. XI, June, 1892, and no further description 
is necessary. 

It has been the practice for several years in the service to con- 
nect all search-lights in parallel, controlling each circuit from the 
switchboard, where they may all be thrown on a separate dynamo, 
or, if desired, may be worked from the same dynamo which is feed- 
ing the incandescent circuits. The former practice is generally 
followed, but is by^ no means necessary, as the damage done to 
the incandescent lamps by the sudden momentary changes of 
voltage, caused by the search-lights being thrown on or off, is 
more theoretical than real. The sudden jumps are of course 
unpleasant to the eye, and for this reason the use of a separate 
dynamo is preferable. In action, it is intended with plants of the 
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latest type to operate all dynamos in parallel, and the flickering of 
the incandescent lights in such circumstances is of no importance. 

Each search-light has its own dead resistance. It has been 
argued, from economical considerations, that this resistance should 
be avoided by lowering the potential of the dynamo to that of the 
lamp, but it has been found that the resistance is of so much 
practical benefit in the operation of the lamp as to make economi- 
•cal considerations less important than those of good working. 

In the operation of arc lights carrying the heavy currents now 
used, the simplicity of Ohm's law is widely departed from, and 
the sudden variations of resistance, due to the change of position of 
the arc or to impurities in the carbons, defy all permanent adjust- 
ments. Under these circumstances, the dead resistance acts some- 
what like a buffer, diminishing the effect of the change and afford- 
ing a working margin of potential. Any arc lamp operates to 
better advantage with dead resistance in circuit, and, this being the 
case, it is true economy to waste sufficient energy to secure good 
operation. 

The best results with search-lights will always be obtained with 
the hand lamp. It requires but little attention from an operator to 
keep the crater in an inclined lamp well shaped and placed, but that 
little attention is necessary, and no automatic mechanism can take 
its place. The latest type of automatic lamp furnished our ships, 
shown in Fig. 5, works as well as any inclined lamp in use in 
other navies, but when the best results are desired must be con- 
trolled by hand. The two great difficulties that automatic action 
cannot control are the shifting of the crater into unfavorable 
positions and the ''mushrooming" of the arc or building up of 
an obtuse point on the end of the negative carbon, which masks 
the crater. The operator adjusts the carbons to keep the crater 
turned full towards the mirror, and gets rid of the mushrooms by 
bringing the carbons together and breaking it off. In an auto- 
matic lamp the mushroom grows slowly, cutting off much of the 
crater radiation and causing the crater to form too near the end of 
the carbon. The arc adjusts itself to the potential for which the 
lamp is set, and may operate steadily under the conditions stated 
until the mushroom suddenly falls off, causing an immediate 
lengthening of the arc, which is generally attended with the 
extinction of the light. 
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In Spite of these difficulties there are certain advantages in the 
automatic lamp which recommend it, although no type should be 
used that cannot also be worked by hand. There are frequently 
cases where the search-light may be needed suddenly, as with a 
man overboard, vessels sighted, or danger reported by the lookout 
Under these conditions it is a great convenience to have a lamp 
ready for operation by turning a switch. 

The difficulties experienced with the inclined automatic lamp 
are largely overcome by placing the carbons in line horizontally 
in ihe axis of the projector, the crater of the positive being in the 
focus of the mirror. Left to itself in this position, the upper part 
of the crater is consumed by the flame of the arc which rises 
vertically, causing the crater to become inclined upward. This 
can be avoided in several ways, the simplest being to place 
a semi-circular bar of soft iron of about two inches radius below 
and at right angles to the arc and concentric with it. This 
iron becomes magnetized by the lines of force of the current, 
and reacts on the arc, keeping it down in place and preventing 
the deformation of the crater. The objection to the horizontal 
lamp is that the middle of the mirror is inoperative, the crater 
radiation being cut off by the negative carbon. The diameter of 
the latter cannot be reduced beyond a certain point, nor can the 
length of the arc be increased, so that considerable loss of reflect- 
ing surface is inevitable. Experiments have been made on hori- 
zontal lamps, resulting very favorably when working automati- 
cally, and it is probable that apparatus of this type may be issued 
to the service for trial. 

The control of projectors from a distance by means of electricity 
has been tried in foreign services, and several of our ships will 
have this system installed. The New York has four thirty-inch 
projectors, all operated from the forward bridge. It has been 
claimed that a great advantage is gained by having the observer 
at a distance from the projector, as his eyes are not dazzled by the 
glare, and he may thus be capable of seeing faint objects which 
he might miss if nearer the light. For navigation purposes also, it 
might be a great advantage for an officer on the bridge to be able 
to throw the beam wherever he wishes without the delay or 
uncertainty involved in transmitting orders. The objections to 
the system are, however, serious. The first is the necessity for 
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having two commanding positions for each projector, as unless 
the beam of light can be thrown to any quarter and followed 
everywhere by the observer no advantage is gained. It is very 
difficult on most of our ships to obtain good positions for the 
projectors alone. The control stand must have some protection 
afforded from weather, and yet, if housed in, the view of the 
operator becomes restricted. If it is necessary for him to operate by 
commands received from another, the advantage of electrical control 
is lost, as the orders could be given with equal facility by word of 
mouth, voice tube, or telephone to an operator at the projector itself. 
The second objection to electrical control is in the complexity and 
weight of the mechanism. The weight of each projector and its 
accessories aboard the New York is about 1980 pounds, and 
although this will be reduced in future manufacture, the weight 
would probably be as great as that of two hand projectors 
occupying the positions of search-light and control stand. The 
control mechanism is complicated, liable to injury and difficult to 
repair with the facilities aboard ship, involving also considerable 
expense in installation. 

It will have to be determined by experience whether the ad- 
vantages of electrical control from a distance are sufficiently great 
to compensate for the increased expense and complexity, the extra 
weight involved, and the double space occupied. 

In working the new type automatic lamps but few precautions 
are necessary. When used automatically, the lamp should always 
be left in good order after use, with a well formed crater, the 
carbons properly placed and in contact, and the spring adjusting 
the potential at proper tension. A good light will then be obtained 
in a few seconds after switching on the current. In working 
automatically, much better results will be obtained by having an 
operator in position to inspect the lamps and correct any fault 
that may cause a serious diminution of light. When working 
entirely by hand, the carbons can be brought into contact without 
risk of any injury to the dynamo, as the series magnet of the 
lamp immediately separates the carbons striking the arc. The 
carbons should not, of course, be held together when the current 
is on. 

The Mangin projector was for many years unequalled in the 
power of the beam it produced. Many other kinds had been tried, 



NOTES ON NAVAL DYNAMO MACHINERY. 359 

but none could compete with it successfully. The Mangin has 
the advantage of having both its surfaces sections of spheres, and 
the spherical curves greatly facilitate the process of grinding and 
polishing. The mirrors have considerable thickness, supplying 
the strength necessary in service. The principal disadvantage is 
the fact that the mirror subtends a small solid angle at the focus, 
and that much light is lost by falling on the projector barrel instead 
of on the ^lass. Recent mirrors have a shorter focal distance. 

Parabolic mirrors furnish theoretically the simplest type for 
search-light use, but glass parabolas are difficult to construct, and 
metal reflectors are worthless from the rapid deterioration of the 
reflecting surfaces. Recently Schuckert, of Nuremburg, has suc- 
ceeded in making parabolic glass mirrors with a sufficient degree 
of accuracy for search-light work, and has fot several years 
supplied all used in the German Navy, besides furnishing a large 
number to other governments. The Schuckert mirror is a parabola, 
with its two surfaces parallel and silvered on the back, the thick- 
ness of the glass being only that necessary to provide strength, 
about four-tenths of an inch. It is easy to construct a parabola 
with any desired focal distance, while preserving the relative 
lightness of the mirror. The makers favor the use of a large 
mirror with a short projector, the standard size in the German 
Navy being ninety centimetres, the focal distance being either 
35, 42 or 45 centimetres. The Schuckert lamp is of the horizontal 
type, the carbons being in line. The current in the navy 90-centi- 
metre projector is either 120 or 150 amperes, with a difference of 
potential of 60 volts at the arc. The positive carbon is 38 milli- 
metres in diameter, the negative 26, and the length of the arc 
about 18. The projector is fitted with double diverging lenses, 
by which the divergence of the beam may be varied at will, 
and is generally arranged for electrical control from a distance. 
The lamp can be operated either automatically or by hand. 

It is to be hoped that the Schuckert projector may soon be given 
^ practical trial in our navy, to determine its relative efficiency 
under service conditions when compared with the Mangin. Theo- 
retically the parabolic mirror has decided advantages, but it is 
probable that these may be greatly modified by considerations of 
manufacture and use. The parabola is more difficult to grind and 
polish, and consequently costs more, while perhaps more liable to 
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mechanical defects than the Mangin form. The mirror is most 
satisfactory when large, but must then be thin to reduce the weight, 
and is thus rendered more liable to injury. These points could, 
however, be waived if it were conclusively shown that the 
Schuckert projector was more powerful and equally well con- 
structed. 

Avoiding any theoretical discussion, it is necessary here to only 
illustrate the difference between the mirrors, leaving all questions 
of utility to be deter- 
mined by trial. Figure 
6 shows two mirrors 
of the same diameter, 
one Mangin and the 
other Schuckert, the 
focal distance of the 
former being twice 
that of the latter. A 
horizontal lamp is 
used and the radii of 
the curves show the 
intensity of the light 
on each angle. Aa 
drawn, the parabolic 
mirror P practically 
receives all the light 
radiated from the arc, 
while much less falls 
on the Mangin mirror 
M. In order to make 
the latter effective it 
must be brought 
nearer to the focus, 
but as Ihere is always 

a fixed relation between the radii of curvatures of the Mangin 
mirror, the refractive index of its glass, and the focal distance, 
the latter can be varied only within limits without sacrificing 
the desired concentration of light. The Schuckert mirror, on the 
contrary, can be made with any desired focal length, Ihe concen- 
tration becoming only slightly less as the focal distance is decreased. 
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The limit is found fn the practical considerations of leaving room 
for the negative carbon of the lamp, and of not overheating the 
mirror. In practice the 90-centimetre Schuckert projector, using a 
current of 1 20 to 1 50 amperes, has about the same focal distance as 
the 60-centimetre Mangin, using 75 to 90 amperes. The solid angle, 
subtended by the mirror at the arc, is always greater with the 
parabolic form, and other things being equal, the amount of light 
reflected is greater. 

Another point already alluded to, on which practical tests are 
very desirable, is the relative efficiencies of inclined and horizontal 
lamps under service conditions. The latter seem to offer great 
advantages for automatic use, as the action of the lamp is better 
and the movement of the crater on the positive carbon less when the- 
carbons are in line than when they are displaced, as in the inclined 
lamp. The artificiality of the latter arrangement almost precludes^ 
any automatic working. If the horizontal lamp is used it g^ves 
the parabolic mirror another advantage, as the focal distance of 
the Mangin mirror is comparatively so great that much of the 
surface is in the shade of the negative carbon and is useless as a 
reflector. 

Figure 7 shows the type of electrically controlled 90-centimetre 
projector in common use in the German Navy. In the latest type 
there is le^s gearing, and most of it is concealed in the base. 

There is probably no question of naval outfit in a more unsettled 
condition than that of the utility of search-lights. It may safely 
be said that most officers think they are more trouble than they are 
worth, and yet when a decision must be made, few, if any, would 
advocate their abolition. The fact that they are retained in every 
principal navy in the world is proof that they are thought to 
be a necessity. The uncertainty as to their advantages is prob- 
ably very largely due to the fact that officers obtain but little 
experience in their use as military weapons. The weekly practice 
is generally confined more to a test of the actual condition of the 
apparatus than to solving any of the tactical questions involved. 

Lieutenant Bacon, an experienced torpedo officer of the British 
Navy, in a short article published after the manoeuvres of 1892, 
stated the conditions underlying search-light work with exceptional 
clearness, and no better presentation of the subject can be made 
than in his own words : 
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"Objects on the water or against the horizon are visible solely 
by the contrast of their color or shade with that of their sur- 
roundings. Were the object exactly similar to its surroundings, 
naturally it would appear but as part of them and be invisible. 
In bright sunshine it is impossible to imitate water so exactly in 
its varying color and shadts as to render a boat absolutely m- 
visible upon it; so much light is always present ready to be re- 
flected from all parts of an object that slight variations are easily 
detected, but at night this is different Smooth water at night. 
■when lit up by a search-light, appears very dark indeed, and 
naturally so, since to an observer near a projector but few rays 
are reflected back from the small ripples; the water, therefore, 
appears almost black. Now place on this an object which also 
reflects but Utile light to the observer, such as a ' dead ' black 
boat (one painted with black lead), and the contrast between the 
two is almost nil ; in fact, so nearly may the two sets of reflected 
rays match one another as to leave the boat, though in the centre 
of the beam, practically invisible from the ship. It is not suflS- 
cient to merely let the beam fall on the boat, but to see it, Jt is 
■ necessary to produce a distinct difference between the light re- 
I fleeted by the boat and that reflected by the water. This at once 
I explains a very common occurrence to all who have taken part in 
night attacks — that is, to iind your boat brilliantly lighted by a 
search-light beam, and yet for the beam to pass by harmlessly 
without the boat being observed by the ship. Nor is this alL 
Observers on board the ship are, to a certain extent, dazzled by the 
brilliancy of the beam even w^hen at some considerable lateral 
distance, since the particles of moisture or dust in the air reflect 
and diffuse light to a considerable extent, and an effect is produced 
similar, but, of course, to a less extent, to looking out of a light 
room into a dark night ; the exact extent of the effect is determined 
by the angular position of the observer from the projector and 
object There is yet another effect that limits the distinct vision 
of an observer near a projector, and that is the fact that when 
near a projector the rays reflected from an object have to travel 
back for some distance through the beam — that is, they suffer 
from considerable interference. The result is that the object ap- 
pears indistinct It will be easily seen that all these effects greatly 
t reduce the efficient use of a search-light when used to pick up an 
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object if the observer is placed near the projector, as is usually the 
case on board ship, especially when the object is traveling 
towards the ship at a high speed. The practical proof of this is 
shown by the fact that a boat is rarely itself recognized in the first 
instance at any great distance, but originally attention is attracted 
to her by her bow wave — that is, the wave of foam, which reflects 

comparatively large amount of light and shows up distinctively 
against the surrounding dark-colored water. 

Were the above case, viz., that of detecting boats from a ship 
ly means of a search-light in the ship the sole use of that 
"weapon, it might, indeed, be an open question whether Ihe electric 
beam is any material good in naval warfare, for there is one point 
which must never be forgotten, and that is that the fact of bum- 
ning such a hght reveals the position of the ship to an attacking 
boat, when, by an absence of all IJghls, the darkness of the night 
might be a more efficient protection. It is this particular case 
which is the one that correspondents in manoauvres are most fre- 
quently brought into contact with, and on it opinion is so much 
divided that in open water it is probable that no captain would 
promiscuously use his search-light as a method of defense, Hap- 
pily, however, other occasions arise in war time when the search- 
light is of great value. These may be divided roughly under two 
heads : (i) Defense of a fleet in close waters, where the position of 
the anchorage water of itself reveals the probable position of 
the fleet ; (2) Fleet action at night, or action between single ships. 

' ' Regarding ( i ) the case may be briefly stated as follows : Ships 
are at anchor in a close anchorage for some particular reason, 
either for repairing or refitting purposes, or else the close presence 
of a superior force. For it is inconceivable, considering the deadly 
nature of a torpedo-boat attack, that an officer would keep his fleet 
at anchor at night in a harbor that afi'orded by its position a possi- 
bility of an attack from torpedo-boats if he could possibly avoid it 
Supposing such the case, the search-light may be a most efficient 
help against such an attack. Light may be burned at a distance 
from the ship on shore to light up the entrance or different sections 
of the passages through which the torpedo-boats will have to 
pass, or the ships may illuminate the passages and use observers 
in their guard-boats. In either case the effect is the same, for no 
longer has the light reflected from the attacking boats to be reflected 
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at a small angle to the observer, but the observer is placed in a far 
better position as regards reflection, and far more minute differ- 
ences in shade can be observed, since the reflected light is much 
greater. In other words, a greater contrast is produced between 
non-reflecting bodies, and the water gun-fire can, therefore, be more 
effectively used and greater havoc effected on the attacking force. 
In such a case one thing is certain — for detecting boats, all beams 
must be fixed so that observers may get their eyes accustomed to a 
constant intensity of light, and not a variable one, as produced 
by 'sweeping' beams. This is the most effective use of an 
electric search-light A few beams may, of course, be kept in 
reserve for following up and illuminating boats after they have 
been detected, but these should be quite independent of the fixed 
beams. The guard-boats, some two thousand yards away, can 
see the approach of others several hundred yards off, since the 
surrounding water is well illuminated by the beams of light playing 
on it. When the boats are discovered, it is necessary to light 
them up sufficiently for the guns' crews in the ships or boats to 
use their guns. This may be done by the ships' projectors with 
divergent lenses in conjunction with parallel beams, the divergent 
lenses being used to light the boats up, and from their large 
divergence prevent the chance of losing sight of them again, and 
the parallel beams to more brightly illuminate them and make 
them more clear to the guns' crews. 

"Again, in single ship or fleet action at night search-lights must 
be used to light up the enemy, and now the search-light is no longer 
an objection as showing the position of the ship, since its height 
prevents an accurate estimation of the position of the waterline 
(the most vulnerable position in the ship to fire at), but in reality 
it is absolutely safeguard, both since it is misleading as to the 
distance of the ship and also is blinding to the opposing guns*^ 
crews. From the foregoing remarks it will be seen that the func- 
tion of the search-light may be either to discover or to light up an 
object for guns to fire at These two different uses are important^ 
since they lead to the height of the light being varied to some 
considerable extent It has long been the opinion that for discov- 
ering boats the beam should be low, since its direction is parallel 
to the surface of the water, and therefore lights up a larger area 
than would be the case if thrown down on the water from a 
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height, when the plane of the water would cut the beam in an 
ellipse, whose area depends on the inclination of the beam. But 
a little thought will show that if the beam be parallel to the water 
the water is but feebly illuminated, whereas a body vertical to the 
water cuts the beam at right angles and receives a large amount 
of light. Were the body absolutely non-reflecting, it would be 
invisible ; but if reflecting, a contrast will be obtained. Now that 
boats can be painted so as to be practically non-reflecting, the low 
beam is viewed with more disfavor, especially as detection is not 
the chief function of a light in a ship. The real function of the 
light on board is to light up an object whose approach has been 
detected, so that the guns' crews can accurately lay their guns. 
To do this, it is necessary to keep the light as far from the guns as 
possible, and also to keep the beam off the water near the ship, so 
as to prevent the men being dazzled. The best position in the 
case would appear to be, to have the light above the guns, so that 
the crews practically do not see the beam, except where it strikes 
the object, and also should the opposing ship use the light to aim 
at, the shot will be more likely to pass over the ship. Another 
great point is to have the projectors so placed as not to illuminate 
any portion of the side or superstructure of the ship ; this, again, 
is best obtained by a fairly high position of the light 

''For attacking forts or in action in moderately smooth water, a 
light in the military tops would seem to answer these require- 
ments ; but, of course, with even a moderate motion of the ship a 
beam from a projector so placed would sweep through a far larger 
arc than one in a lower position, and would, therefore, be far 
harder to keep steadily illuminating an object. For navigating 
purposes, where the water close to and for some distance ahead of 
the ship has to be illuminated, a low position of the light is best." 

A brief consideration of the preceding is enough to show that 
much of the uncertainty existing in the minds of our officers as to 
the value of search-lights is due to the fact that no experiments 
are made to test the conditions of their efficiency or to develop 
proper methods of utilizing them. The search-light is a weapon 
of offense as well as of defense, and requires more judgment and 
skill in its control than any other weapon entering into the mili- 
tary equipment of a ship. If used at the wrong time it may lead 
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to the destruction of the ship by betraying the exact position to a 
powerful enemy ; if used properly it may save the vessel by 
depriving: an attack of the darkness necessary for its success. 
Nothing but practice under conditions as nearly as possible simu- 
lating those of warfare can g^ve officers clear opinions of how the 
search-light enters into the fighting power of the vessel. Weekly 
practices may develop interesting electrical facts as to the light 
obtainable from heavy currents, but these can be carried on as 
well from a wharf as from a ship's deck. The many tactical 
questions, such as how to use the search-lights under different 
conditions of the atmosphere or of the sea ; how to utilize them in 
case of a vessel at anchor in a harbor ; how when lying in an open 
roadstead ; the advantages obtainable by dazzling an enemy and 
preventing his sighting his gun ; the best way of avoiding detec- 
tion by a search-light ; the best method of stationing observers ; 
the practical advantages or disadvantages of electrical and hand 
control for projectors ; the utility of diverging lenses ; and, above 
all, the conditions under which search-lights should not be used^ 
are all matters of the greatest importance, concerning which but 
few officers have opinions based on experience. A practical inves- 
tigation of these mooted points is possible aboard almost any ship 
in commission, and a course of experimental drills would be most. 
valuable in the practical information it would develop. 

STANDARD SWITCHBOARD. 

The specifications for the system of switchboard connections 
have gradually been growing more complex from year to year. 
In the specifications for the Columbia and Olympia they read, 
"the design to be such that the dynamos may be run either singly 
or in multiple on the incandescent circuits, either singly or in 
multiple on the arc light circuits, and either singly or in multiple 
on the arc and incandescent circuits connected in parallel." The 
standard switchboard was devised to meet these specifications 
without taking up valuable space. 

The switchboard has been briefly described in General Informa- 
tion Series, No. XL, but further details may be advisable. The 
system is the same, whatever may be the number of circuits or 
dynamos installed, so that a person familiar with it can operate 
the switchboard at first sight. 
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Figure 8 is the switchboard of the Bancroft arranged for two 
dynamos and ten branch circuits, and shows the most symmetrical 
and simplest arrangement. Figure 9 illustrates the switchboard 
for three dynamos and eighteen branch circuits. The board has 
on each of its edges a vertical bus bar fitted with fuse clamps and 
terminals at the lower ends, the two bars being connected by a 
cable on the back of the board. The bus bar thus formed is 
common to all the dynamos, and in practice is connected to the 
positive terminals. Inside of this bar are the fuses on the positive 
ends of the branch circuits. On each side of the centre of the 
board there is a set of vertical bars, each set containing as many 
bars as there are dynamos. The similarly situated bars of each 
set, counting from the left as number one, are connected together 
by a cable on the back of the board, forming the negative bus bar 
of the same dynamo. Between the two sets of negative bars are 
the negative branch circuit fuses. 

One-half of the branch circuits are placed on each side of the 
vertical center line. The positive terminal of each is in the clip 
near the common bus bar, in which the switch shown in the figure 
engages. The negative end of the circuit is in the socket, in 
which fits the shifting plug switch near the center of the board. 
One of these sockets is placed between each two of the negative 
bus bars. The plug switch has two small bosses on each side 
which serve to clamp it in the socket in the open position at right 
angle to the face of the board. By withdrawing the plug slightly 
the bosses are disengaged, and the switch may then be thrown to 
right or left, connecting its circuit to either one of the dynamo bus 
bars between which it is placed. In a board designed for three 
or four dynamos the plug switch may be shifted from one socket 
to another so as to be placed in position to connect its circuit to 
any bus bars. 

The switches for connecting the dynamos in parallel are at the 
bottom of the board. They are double pole, the upper half con- 
necting the negative bus bars,- while the lower half connects the 
two equalizing bars. The board for two dynamos has only one 
multiple switch, but those for three or four dynamos have a switch 
for each dynamo. In the latter case, the upper half of the switch 
connects the negative bus bar of its dynamo to a common negative 
bus bar, while the lower connects the equalizing bar of the same 
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dynamo to a common equalizer. It is then necessary to close 
two switches to connect two dynamos in multiple, the connection 
not being complete until the last switch is closed. When two or 
more dynamos are operating singly the multiple switches are open, 
and hard rubber guards are placed in the clips to prevent any 
accidental closing. 

As one pole of each dynamo is connected to a common bus bar 
it can be entirely cut out of circuit only by a double pole switch 
on the headboard of the dynamo. This switch is therefore a 
necessity when the standard switchboard is used, and should 
always be open when the dynamo is not in operation. 

All connections are made on the back of the board. Each 
conductor is soldered to a conical copper plug. The end of this 
plug has a screw thread tapped in it, and fits into a corresponding 
conical socket in the bus bar or fuse terminal, being secured in 
place by a screw inserted from the front of the board. When this 
is screwed up, it makes a good and reliable contact. 

The design of the switchboard is very simple. All vertical lines 
are dynamo circuits, all horizontal ones branch circuits, the plug 
switches being at the intersections. The following directions are 
from the official instructions : 

1. No metal, such as screw-drivers, monkey-wrenches or other 
tools or watch-chains, should be allowed near the front of the 
board. Any neglect of this kind may cause dead short-circuits. 

2. Putting more than one plug switch on any one section is 
positively forbidden, as the use of two might put dynamos in 
parallel without any equalizing bar. 

3. If any section is not wired up, it is advisable to remove its 
plug switch entirely. 

4. In throwing a section in circuit it is advisable to first place 
the plug switch in proper position for putting the section on the 
dynamo desired, and then close the switch on the common bus 
bar. In cutting out a section, first open the common bus bar 
switch and then the plug switch. In changing a section from 
one dynamo to another, it is best to first break the circuit with the 
common switch, then throw the plug switch over into proper 
position and close the common switch. The plug switches are 
not intended for throw-over switches. 

5. When any section is wired up, but not in circuit, its common 
switch should be open, and its plug switch open and locked. 
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6. When the dynamos are operating singly the multiple switches 
should be open and the spring clips covered by hard-rubber 
covers. These covers to be removed before attempting to connect 
in parallel. 

The standard arrangement of switch and instrument boards is 
45hown in Figure 9. The left hand instrument board carries at the 
top a ground detector fitted with a multi-throw switch, having as 
many contacts as there are dynamos. By connecting this with 
one of the negative bus bars, starting the corresponding dynamo 
and throwing any plug switches on the same bus bar, each and 
all branch circuits can be tested for grounds, or an existing ground 
may be speedily localized. On the middle of the board is a 
vertical reading Weston voltmeter. One of its terminals is con- 
nected to the common bus bar, the other to a multi-throw switch 
by which it can be put in connection with any one of the negative 
bus bars. By moving this switch, the potential of any one of the 
■dynamos may be measured and the ^polarity also tested, the 
voltmeter needle showing the direction of the current in the 
instrument. This voltmeter is always kept in circuit and can be 
read from a distance. The lower voltmeter is connected so as to 
^ve the difference of potential at the terminals of the search-lights, 
having a multi-throw switch with as many contacts as there are 
projectors. It is identical with the other voltmeter, and is in 
reserve in case of accident. As its use on the search-lights is 
unimportant in case of electrical control projectors, it may be 
used for other purposes. 

Underneath the switchboard are the shunt field rheostats, the 
left hand being in circuit of the dynamo connected to the left hand 
bus bar, which in turn is connected to the left terminal of the volt- 
meter multi-throw switch. The instrument board on the right of 
the switchboard carries the ammeters, one being in circuit of each 
dynamo. It is highly desirable that the same system of connec- 
tions should be followed on all switchboards, to enable persons 
familiar with one plant to take charge of another at sight. The 
system shown in Plate I. has therefore been approved by the 
Bureau of Equipment It is, that the same sequence should always 
be followed from left to right on the negative bus bars, voltmeter 
terminals and shunt field rheostats, and from top to bottom on the 
ammeter board. Thus number one dynamo would have the left 
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hand bus bar, left hand voltmeter terminal, left hand rheostat and 
upper ammeter ; number two dynamo would have the second bus 
bar, voltmeter terminal and rheostat, counting from the left and 
second ammeter from the top. A stranger, then, on entering a 
dynamo-room could by a glance at the ammeters see which 
dynamos were carrying load; the switches on the common bus 
bar indicate what branch circuits are in operation, while the posi- 
tion of the corresponding plug switches shows to which dynamo 
each branch circuit is connected. Finally, the multiple switches 
would show whether the dynamos were operating singly or in 
parallel, and if the dynamos were numbered, the whole situation 
could be grasped in a few seconds, and the stranger could operate 
the plant At present many ships have switchboards which can 
hardly be understood with the assistance of plans, and no two are 
identical. 

An examination of Fig. 8 shows that the condition of the Ban- 
croft's circuits is as follows, neglecting the fact of the absence of 
fuses. Commencing at the top and numbering the left hand cir- 
cuits from I to 5 and the right hand from 6 to lo, we have circuits 
3> 4, 5, 9 and lo on number one dynamo ; circuits 6 and 7 on 
number two dynamo; circuits i, 2 and 8 open; both dynamos 
operating in parallel. 

The operation of compound dynamos in parallel seems to be 
practically confined to the United States, where it is almost univer- 
sal in all large power stations. 
The diflSculty encountered in 
operating in parallel is, that any 
inequality between the electro- 
motive force of the two dyna- 
mos results in the one of higher 
potential reversing the series 
field of the other, and driving* 
it as a motor. This is evident, 
from Fig. 10, any current from 
the upper dynamo to the lower 
passing through the series coil 
Fig. 10. of the latter in the direction 

opposite to that of normal excitation. The series field would 
therefore be reversed. This trouble is easily removed by con- 
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necting the brushes of the two dynamos by a conductor of 
very low resistance called an equalizer, as shown by the heavy 
dotted line. If, then, the electromotive force of one dynamo 
becomes higher than that of the other, current flows through the 
equalizer and through the series field of the weaker dynamo in the 
right direction, strengthening it and raising the potential. The 
vital point of safety in the system is to have the resistance of the 
equalizer so small that the greater part of the current may flow 
through it from brush to brush, instead of in the parallel circuit 
formed by the series fields and the mains. The operation is most 
successful when the dynamos are similar, but this is by no means 
essential, dynamos having been operated in parallel whose normal 
outputs were in the ratio of thirty-eight to one. The presence of 
the rheostat in the shunt field is of the greatest assistance. The 
ammeters are connected on that side of the circuit opposite the 
equalizing bar, so as to show the total current passing in the 
external circuit. If, then, one shows very much higher than 
the others, it is probable that it is feeding them through the equal- 
izer. A slight adjustment of its rheostat weakens the shunt field, 
and by reducing the voltage of the stronger dynamo brings all 
nearer equality. The attendant can, therefore, by an inspection of 
the ammeters and adjustment of shunt rheostats make each one of 
the dynamos take its proper proportion of the load, although 
they differ widely in size, speed, type and output. 

The following directions are given for connecting dynamos in 
parallel on the standard switchboard : 

"In throwing dynamos in parallel care will be taken to see that 
each machine is poled right and kept on open circuit until the nor- 
mal potential is reached before being thrown into circuit The 
operation of throwing dynamos in parallel with the naval standard 
switchboard is as follows : Each dynamo must first be tested 
separately. It is brought to the proper potential of 86 volts in 
light load by adjusting the shunt field rheostat. Full load is then 
thrown on and the voltage should remain the same. If not, it 
should be adjusted to give the proper voltage by the shunt to the 
series field. This adjustment should be once made and occasion- 
ally verified ; too much care cannot be given to it, and once 
adjusted should not be tampered with. With loads on each 
dynamo practically the same, and the difference of their potentials 
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less than one volt, the multiple switch may safely be closed and 
the dynamos will work together. Any inequality of load between 
them may then be rectified by the shunt field rheostats. The 
polarity of the dynamos will be shown by these measurements, 
and, as has been said, should be the same. When one dynamo is 
to be thrown in parallel with another actually working, it may 
be advisable to divide the load about equally between them, 
repeating the observations as to potential before throwing them in 
parallel. " 

In explanation of these directions, the polarity of the dynamos 
is shown by putting the voltmeter first on one and then on the 
other. The needle should indicate the same voltage on each. If 
it moves in opposite directions, one dynamo is reversed. Great 
care should be taken in connecting up the leads and equalizers the 
first time, to get everything in the right place. Once permanently 
connected right, no error could ensue except from a reversal of one 
of the dynamos, and this is shown on the voltmeter. In ships in 
which the dynamos are frequently operated in parallel, it might be 
well to connect the lower voltmeter on the instrument board to the 
equalizers instead of to the search-lights, especially if the latter 
have individual control stands. In this case, one terminal of the 
voltmeter would be connected to the common equalizer, and the 
contacts on the multi-throw switch to the individual dynamo equal- 
izers. The switch should not be closed if there is more than one 
or two volts difference between the two equalizer sides. 

In order to secure good working with the standard switchboards 
the equalizers from the dynamos must be large. A safe working 
rule would probably be to make them of the same cross-section as 
the dynamo leads. 

The standard switchboard for three dynamos is shown in Plate I. 
with all its connections, made as authorized by the Bureau of 
Equipmeift. 

MOTORS. 

In General Information Series, No. VII., June, 1888, the writer 
dwelt at some length upon the advantages attendant on the use of 
the electric motor on shipboard. Since that time they have been 
largely introduced in different navies for hoisting ammunition or 
for training light guns, as well as for ventilation purposes. It is 
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unquestionable that they will come into more extended use for 
these purposes as well as for others, but a wise policy will limit 
their use to position, iu which they are actually superior to any 
other type of machine. Thus, it would probably be inadvisable to 
place electric motors anywhere in the engine or fire-rooms, as ihe 
combined heat and moisture would cause speedy deterioration, and 
in such locations, moreover, the presence of steam-pipes is no 
objection. One of the most promising immediate applications of 
the electric motor is in the operation of ventilating fans, and this 
problem is now under consideration. The presence of steam-pipes 
always carrying live steam is a nuisance on a berth-deck, directly 
affecting the health and comfort of the whole crew. In some of 
the very best and latest ships of the Navy, however, the ventilating 
fans are placed on the berth-deck and are driven by steam engines 
supplied with steam through long leads of pipe. This method 
heats the living space of the crew more than it cools it. From a mili- 
tary point of view it is vitally weak, Ihe whole or a greater part of 
the ventilating piping, on which the fighting parts of the ship must 
depend for air in action, being wholly unprotected against machine- 
gun fire which would riddle the pipes, utterly destroying the ven- 
tilation system. In some ships, moreover, immense air ducts are 
carried through the coal bunkers, displacing a hundred or more 
tons of coal and cutting up the remaining space so as to greatly 
interfere with coal passing. Nor can it be considered good policy 
to cut holes two or three feet in diameter in water-tight bulkheads, 
even if they are protected by automatic valves. The system thus 
outlined seems to interfere with both the mihtary efficiency and the 
sanitary well-being of the ship. If it were necessary it could be 
tolerated, but every objection noted can be overcome by the use 
of electric motors, with a probable gain also in efficiency and 
weight. The general method will be outlined only. 

The system would be to ventilate each compartment between 
main water-tight bulkheads independently, placing in each two small 
electric ventilating blowers. These could be used as either exhaust 
or supply at will. The advantage of placing the blower in the 
compartment to be ventilated is that no injury to the piping above 
can cut off the supply of air, as air now enters through any holes 
in the pipes instead of escaping. A general feed pipe might rim 
fore and aft on each side of the berth-deck, from which all vertical 
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i pipes leading to lower deck compartments could lead, the feed pipi 
I being connected to the outer air by ventilators placed where con- 
venient. This method prevents heating of the ship by steam fans, 
saves water-tight bulkheads and coal bunkers for their legitimate 
uses, secures ventilation of magazines and fighting spaces in action, 
and would probably be fully as efficient both in actual ventilation 
and in the energy required to produce it. It cannot be carried out 
with steam fans, the necessary net work of hot pipes heating thffJ 
ship beyond endurance, but the electric motor will work in an; 
place in which it can be set up, and neither m itself nor in its 
nections gives off any perceptible amount of heat 

Fig. II shows two ventilating fans operated by electric motors, 
supplied by the General Electric Co. for the Oregon. The motors 
are ironclad, the coils being wholly enclosed. A few slight 
changes were recommended in construction, but the general opera^' 
ion was very satisfactory. 
One motor was connected to a Sturtevant exhauster No. 3, th( 
the whole set weighing 354 pounds and supplied 1320 cubic 
of air per minute at the nozzle, at a speed of 1520 revolutions. 
I The energy consumed was ioj4 amperes at 80 volts, or 840 
[ wetts. 

The other motor w^as connected to a Sturtevant exhauster No. 4, 
L the whole set weighing 446 pounds. It supplied 2050 cubic feet- 
I of air per minute at the nozzle, at a speed of 1540 revolutions pei' 
minute, taking 21 amperes at 80 volts, or 1680 watfs. 

Both motors were series wound and started without any start-^ 
ing rheostat. The speed of the motors would, of course, be highM 
and the delivery of air smaller if piping was connected to the 
exhauster. 

If problems presenting themselves in naval construction are 
imparlially considered, it will be found that the electric motor 
f an unquestionable field of usefulness on shipboard. Much conser- 
I valism has been felt in relation to the use of untried or experi- 
mental machinery, but the electric motor can no longer be thus 
' classed. Its widely extended use during the last few years, am 
I the durability and general good working it shows under most 
nfavorable conditions in shore practice, are guarantees that it 
be made reliable on shipboard. 

It may not be amiss to consider the subject in the light of our.i 
necessities. 
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All motors on shipboard will naturally fall under the head of 
constant potential motors, supplied from the ship's mains, and 
either series, shunt or compound motors may be used. The series 
motor is valuable for its great starting torque, but has the dis- 
advantage of an irregular speed. In many cases, as in train- 
ing guns or in other heavy work, steady speed is of no conse- 
quence, while the ability to start with a heavy load is all essential. 
Por work of this kind the series motor is the best. If thrown 
in circuit directly across the mains, it might burn out, the resist- 
ance being so low as to allow of an enormous current passing 
when the motor is at rest. As soon as it commences to move, 
the current is reduced to safe limits by the counter electromotive 
force. It is advisable, however, to interpose some resistance to 
save the motor, this being generally in a starting rheostat, the 
speed of rotation when once in motion being similarly controlled 
by resistances. An objection to the series motor is the fact that 
the speed rises dangerously high if the load is thrown off, the 
excitation being diminished by the rise of the counter-electromotive 
force of the motor. The motor makes the vain attempt to attain 
a speed at which its counter-electromotive force equals the dif- 
ference of potential of the mains, each increase of speed diminish- 
ing the field current and counter-electromotive force and calling for 
higher speed to attain the voltage of the mains. Theoretically the 
speed of the series motor under such circumstances is infinite, but 
the practical limit is found in the fact that friction and internal 
losses always make something of a load, so that no motor ever 
runs absolutely light 

The shunt motor, when made with low armature resistance, 
preserves a practically constant speed with wide variations of 
load. It possesses, however, the great defect of having no starting 
torque. The field coils and armature being in parallel, the former 
are short-circuited by the latter, and if the motor is suddenly 
thrown into circuit, the field would not receive enough current to 
magnetize it, while the armature would probably be burned out by 
the excess of current passing. Some special starting device is 
therefore necessary, and a starting rheostat is commonly provided, 
by which a current is passed through the field coils before the 
armature circuit is closed at all. The next step is to send the 
current through the armature in series with a resistance, the latter 
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being gradually cut out as the counter electromotive force rises 
from the speed increasing. The special purpose for which the 
shunt motor is adapted is, therefore, starting with a light load and 
afterwards preserving an approximately constant speed. The 
starting rheostat is necessary and is objectionable as an extra fit- 
ting. There have been many cases in the service where these 
rheostats have been used in continuous running to diminish the 
speed of the motor, but not being designed for this purpose they 
overheat and finally burrr out. 

The apparent paradox, that the speed of a motor is increased by 
weakening the field and consequently the counter electromotive 
force, must always be borne in mind in considering the speed of 
motors. The fact that the shunt field remains excited when all 
load is thrown off, keeps the speed down to near its normal value. 
If the speed could increase, the field being kept constant, the 
counter-electromotive force of the armature would rise until it 
reached the potential of the mains. It could, of course, go no 
higher without running the generator as a motor. The actual 
limit attained is less than that of the mains, as there is always 
internal loss and mechanical friction in the motor, energy to over- 
come which must be derived from the mains, and the speed settles 
at such a point as to allow the motor to receive just this amount 
of energy. 

As the compound dynamo preserves a constant voltage at its 
terminals with constant speed but varying output, the reversibility 
of the dynamo and motor would lead us to expect that a motor 
wound with both series and shunt coils on its field magnets would 
preserve a constant speed at constant potential with varying load, 
and such, within limits, is found to be the case. An important dif- 
ference must, however, be considered. In the compound dynamo, 
the magnetic effect of the series coil is to reinforce that of the 
shunt, but if the compound dynamo is used as a motor the series 
coil will be found to act in opposition to the shunt While this 
assists materially in preserving the speed constant when once 
established, difficulty is found in starting the series coil, which 
is practically the only one operative when the motor is suddenly 
thrown into circuit, and tends to start the rotation in the wrong way. 
As the shunt field ** builds" it acts in opposition to the series, and 
this tendency to rotation in the wrong direction is overcome. It 
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will readily be understood that under such conditions the motor 
can have no starting torque, and if heavily loaded will bum 
out. This difficulty may be overcome by reversing the series coil, 
making it co-operate with the shunt coil. This arrangement gives 
powerful starting torque, and prevents the speed from rising too 
high when the load is thrown off, but the constant speed is sacri- 
ficed, although the variation may be so small as to be unimportant. 

The compound wound motor, with both its coils acting in the 
same direction, possesses therefore the best points of both series 
and shunt motors, and is advantageous where starting torque and 
fairly uniform speed are desired, and especially where there is a 
probability that all load may be thrown off suddenly. If constant 
working speed is essential, the series and shunt coils must act dif- 
ferentially, the motor being either started light and load thrown oi^ 
after speed had been attained, or the series coil reversed, as already^ 
explained, to gain starting torque, and thrown in differentially as. 
soon as the motor reaches normal speed. This system is complex,, 
requiring an external control board, but answers admirably in such 
cases as in operating lathes, where constant speed is essential. 

The foregoing is sufficient to enable a conclusion to be reached 
as to the use of motors on shipboard. If starting torque is essen- 
tial and constant speed is unnecessary, the series motor is the 
best, an adjustable resistance being inserted as a protection on 
starting. For purposes calling for constant speed the shunt motor 
is best adapted, having a rheostat for use only in starting. In 
special cases the double wound motor, possessing in a lesser 
degree the advantages of each of the others, may be best, but it is 
noticeable that its complexity is preventing its wide use in com- 
mercial practice. 

A writer in General Information Series, No. VIII., in referring to 
the use of motors on shipboard, dwells at some length on the dis- 
advantages arising from the increase of dynamo plant, and also 
on the danger resulting from having all the auxiliary motive power 
of the ship dependent on the dynamo-room. These objections 
must be considered in any scheme of electrical power transmission 
on shipboard. The following general plan is suggested for con- 
sideration. Electric motors will be advantageous, — 

I. In all places where auxiliary engines operate coiitinuously 
for extended periods, the steam and exhaust pipes necessarily 
passing through store-rooms or living spaces. 
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J. For ordnance purposes, where the demands for power i 
not excessive. 

3. In isolated places such as military tops where power isl 
necessary. 

Electric motors are inadvisable : 

1. In engine or fire-rooms, where steam is always available, antf 
the conditions are unfavorable for the durability of motors. 

2. In general, where the demands for power are excessive ani 
fiteam is available, as in the windlass engine. 

3. Where rapid and frequent reversals are necessary, as 1 
steering engine. 

The question of safety of the dynamo plant can be met only hyi 
taking all precautions for the protection of the dynamos and wiring,,! 
and by operating the dynamos in parallel with a large reserve o 
power. If the development of ordnance applications of electric 
motors should become of great importance, a further guarantee 
of safety should be obtained by dividing the dynamos between 
■two widely removed dynamo rooms, 

COMPARISON OF SPECIFICATIONS. 

Not only are different types of dynamo used in different navie^l 
but the methods of operating the plant also vary. In nearljrl 
every service the voltage is now standardized at eighty volts, thi 
being a compromise between the high voltage desirable for incan<1 
descent lamps, and the heavy demands for current made by thftl 
search-lights. In any case, the type of dynamo and engine^ 
actually adopted depends entirely on the specifications to be met* 
Although those of European navies are not widely published like] 
our own, they are all in print, and no confidences will be betrayec 
by referring to them. 

The British specifications dwell largely on the heating of t 
dynamo. The common provision is that "at the endof asixhoursT 
trial at full load, and one minute after slopping, no accessible part 
of the armature or magnets shall have a temperature more than 
30° Fahrenheit above the temperature of the dynamo-room taken 
on the side of the dynamo remote from the engine and three feet 
distant from it, and that the maximum rise of the temperature o9 
the armature at the end of the trial shall not exceed the temperaJ 
ture of the dynamo-room more than 70° Fahrenheit." The word* 
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ing of these specifications is somewhat peculiar, and the first pro- 
viso seems to be utterly inconsequential, as the vital question Is 
certainly not what the temperature is "one minute after stopping," 
but rather what it is while the dynamo is in operation. The tem- 
perature shown by a thermometer in one minute depends aa much 
on the thermometer as on the actual temperature of the hot body, 
and with the latter remaining the same, the thermometer indica- 
tions vary with the instruments used. The second proviso limit- 
ing the maximum temperature of the armature to 70° above the 
air is definite and intelligible. It is urged that the armature is hot- 
ter just after stopping than when in operation on account of the 
absence of cooling by the fanning of the air, but as the generation 
of heat ceases when the dynamo stops, if is difficult to imagine any 
rise of temperature. Most of the British dynamos have large flat 
field coils, and in case any curiosity exists as to the temperature 
of the field coJls while in operation, instead of "one minute after 
stopping,'' it can be determined with considerable accuracy by 
having thermometers strapped on the coils throughout the test, 
covering the bulbs with waste or ilaiinel. The armature tempera- 
ture must be determined in the same way after stopping, no other 
method being available. The following temperatures are from six 
hours' tests at New York Navy Yard, made on Siemens dynamo 
built under Admiralty specifications. 






100 amperes, 
300 amperes, 
400 amperes, 



39 



39 



35 



The British specifications contain many minor provisions, but 
leave the design and construction of the dynamo almost entirely 
to the maker. The prevailing type has been for several years the 
bipolar vertical magnet. 

The engine specifications call for vertical, inverted, direct, double 
acting engines. These are open, the closed in types having been 
abandoned. The most important proviso is that the governor 
shall be so arranged as to allow the speed to be varied while in 
operation. This necessitates a throttle governor and causes an 
absolute sacrifice of what, in the estimation of the American elec- 
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trician, is the most important consideration, viz., close regulation,' 
Another consequence is the advisability or even necessity 
changing the setting of the valves if the working steam pressure 
is largely varied, or if the eihaust is changed from atmospheric to 
vacuuni. The throttle governor, while able to reproduce a speed 
after a sudden change of load, can act only when a large momen- 
tary increase has taken place. This is, of course, attended with a 
corresponding rise in the voltage of the dynamo, injuring any 
incandescent lamps left in circuit The Admiralty specifications 
allow a temporary increase of speed or "jump " of 2$ per cent 

As this system is almost universal in Europe, it may be of advan*. 
tage to contrast it with that used in the United States Navy, 
specifications allow of a variation of speed of only five per cent' 
when the whole load is thrown off the dynamo, and although this 
strictly applies to the difference between the steady speeds of the 
engine loaded and light, it is seldom exceeded even in the "jump." 
The latter is directly controlled by another proviso that the dynamo 
voltage as indicated on a dead-beat voltmeter shall not show a 
variation of more than ten volts ivhen full load is thrown on or oS'. 
This closeness of regulation is obtained by the use of what is 
commonly known as the "automatic governor," acting directly on 
the eccentric and changing the throw of the valves, altering the 
point of cut off, and also adjusting the compression to suit the 
change of load. No commercial electric light engine with a gov- 
ernor operating on any other principle could be sold in the United 
States, while only two naval dynamo engines were seen by the 
writer in Europe in 1891 that used it The indicator cards showBil 
in Figure 12 illustrate the capacity of this variety of governor ton 
adjust the working of the engine to variations of steam pressure 
and exhaust The reason for the retention of the throttle governor 
is found in the fact that European dynamos are self-contained, the 
field circuits being entirely on the frames. As the dynamo heats 
the voltage canbeadjustedonlyby an increase of speed. American 
dynamos, on the contrary, always have an adjustable exterior 
resistance in the shunt field circuit, by varying which the voltage: 
maybe changed as desired. With a dynamo of this type constanl 
speed is desirable, and automatic engines are therefore invariab!] 
used. It is difficult for an electrician accustomed to the facility 
adjustment thus obtainable, to conceive of any compensating- 
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24 K. W. SET. No. 3. 
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Fig. 12. 



advantages which justify the abolition of the adjustable rheostat 
To him nothing is cruder and practically more inconvenient than 
the method of adjusting the voltage of the machine by setting up 
with a monkey-wrench on a nut regulating the tension of the gov- 
ern or spring of the engine. Messrs. G. E. Belliss & Co., the principal 
contractors for Admiralty dynamo engines, have recently con- 
structed automatic engines for commercial marine use, but so far 
as is known they are not yet used by the Admiralty. 

The following table illustrates the difference in regulations 
between the two types : 
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istics of the dynamo machinery in the principal foreign navies. 
The one point which remains for us to notice is that of economy. 
More stress is laid on this abroad than in our own service, although 
our specifications call for a percentage of eflSciency taken as the 
ratio of indicated horse power to electrical horse power at the 
terminals. It is certainly most desirable to have economical 
dynamo apparatus, but the question of economy presupposes 
certain working conditions which have to be met No engine or 
dynamo is economical when operating at a fraction of its normal 
output, or with one-half its normal steam pressure, and yet these 
are exactly the conditions under which our naval dynamos operate 
two-thirds of the time. Moreover, economy of working depends 
mainly on the boiler, and as long as the main boilers are used for 
generation of steam, the consumption of coal must be excessive 
for the amount of work done. While these considerations will not 
justify an uneconomical engine or inefficient dynamo, they indicate 
that economy of actual working depends on many circumstances, 
and that it may be better practice to design our machinery with 
special reference to durability and good working under the con- 
ditions holding on shipboard. This is the policy that has been 
followed, and although our dynamo engines are probably not as 
economical as others, they have a margin of power which, in 
connection with their automatic governing, makes them largely 
independent of all variations of steam pressure, enabling them to 
carry their load on half pressure, and, so far as is possible with a 
high speed engine, to work with wet steam. Compound engines 
have been but little used in our navy although not forbidden by 
specifications, the increased complexity and the ordinary low 
working steam pressure rendering them of practically no ad- 
vantage. 

American specifications call for the operation of dynamos in 
multiple, while in other services it is unknown. The advantage 
of parallel working is in the fact that it minimizes the effect of 
injury to any one dynamo. In a ship supplied with gun motors 
and search-lights, the demands made for electrical energy in time 
of action would vary suddenly and largely, so that it would be 
impossible to distribute the load on separate dynamos without 
having great excess of power. In such a system, each dynamo 
must have a reserve power sufficient to cover all demands made 
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upon it, although nine-tenths of the time it may be working light 
This would hold of each dynamo of the plant. By yoking all 
together, however, we can take advantage of the fact that it is 
improbable that all motors will simultaneously be working at their 
maximum, and if not, there is a safe margin of power. The 
dynamo plant should, however, have an output equal to all 
demands made simultaneously, and the system of parallel connec- 
tion would then prevent a total break-down of any motor mechan- 
ism from the fact that one or more dynamos may be injured. The 
advantage of the system is so evident as hardly to admit of 
question, and the fact that parallel working of dynamos is hardly 
thought of in any other service than our own must be explained by 
the difficulty of carrying it out without the automatic engine 
and the rheostat in the shunt field of the dynamo. Its practica- 
bility is abundantly proved by the habitual operation of compound 
dynamos in parallel in almost every power station in the United 
States ; its military advantages have already been set forth, and 
justify the use of the method on shipboard 

CARE OF PLANT. 

The conditions existing aboard men-of-war are specially 
trying to dynamo apparatus, and even with the best of care 
deterioration is more rapid than is usual ashore. The continu- 
ous operation of the dynamos, the high temperature of the 
dynamo-rooms, the presence of salt water and salt air, and the 
inevitable wear and tear attendant upon the crowded condition 
of the ships, are all difficulties to be encountered, but intelligent 
care will materially assist in overcoming them and in minimizing 
deteriorations. 

A great part of the trouble experienced on shipboard arises from 
the engine. A high speed engine, especially if working with a 
small clearance, as in the Armington & Sims type, is specially sen- 
sitive to water in the cylinders, and but very little is required to 
cause a break-down. This danger can be much reduced by careful 
arrangement of steam and drain pipes. The dynamos are now 
supplied by independent steam pipes, and these are as straight as 
possible, and without any drop bends in which water may 
accumulate. Separators are generally placed in the dynamo-room, 
but cannot be relied upon to prevent all access of water. The 
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engine drains are found to work well on a vacuum if piped directly 
into the exhaust, but when operating on the atmosphere, must be 
led into traps, special attention being paid to avoiding back pres- 
sure. The engine cylinders are fitted with automatic relief valves, 
but a valve is frequently put in the drain pipes back of these, and 
if shut, prevents their action. The dynamo attendants must 
thoroughly understand the drain piping, and see that the drains are 
always clear. Care must be taken on starting the engine to drain 
the pipes and work all the water through at low speed, and as this 
precaution is obvious, accidents do not often occur then , most of 
the damage by water being done while the plant is in full operation > 
and is due to foaming or priming in the boilers, causing a sudden 
lifting of masses of water into the pipes. Shifting from one boiler 
to another sometimes causes trouble from water having accumu- 
lated in the pipes. Implicit reliance cannot be placed in such 
cases on either automatic drains or separators, and safety requires 
the slowing of the engines if the noise of water in the cylinders is 
serious. The Armington & Sims' engines in service seem to break 
the crossheads from the effects of water often er than any other part. 
The only accident of this kind, within the knowledge of the writer, 
happening to one of the new engines, resulted in breaking the 
piston. 

Heating of crank pins and "bearings may, of course, be due to the 
shaft being out of line, or to bad fit of the brasses. The latter is 
easily remedied ; the former is not liable to occur, as every engine 
is subjected to a run of at least two days before being put in place. 
If heating occurs in engines which have previously given satisfac- 
tion, it is probably due to dirt and grit in the oil cups, or to the 
brasses being set up too tight. One cause of injury to the plant is 
frequently found in the lack of mechanical skill of the force. 
Dynamo engines have been found cut and scarred by the marks of 
cold chisel and hammer used to start nuts or back out pins, while 
many parts are upset by hammering. No criticism of such treat- 
ment is needed. 

The dynamo also requires reasonable care and intelligent treat- 
ment. The field coils are liable to have their cotton insulation 
rotted by moisture, or charred by overheating. The former would 
probably occur only when the dynamos are laid up for a long time. 
The overheating is, however, an effect of use. One of the most 
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common causes of overheating the field coils is operating at too 
low a speed, v^ith the mistaken idea of saving v^ear and tear on 
the engine. If the latter is properly designed it will be as durable 
when worked at its normal speed as at any lower. If the dynamo 
is below speed a stronger current is necessary in the shunt field 
coils, in order to maintain normal voltage, and as the heating 
varies as the square of the current, the variation of temperature is 
much greater than that of speed. If the field coils be found to 
overheat, the defect may be diminished by increasing the speed 
and lowering the voltage if necessary. 

Armature bearings give little or no trouble, as there is ample 
surface and no side thrust on the shaft The armature itself 
requires no special attention beyond mechanical protection. This 
should not be such as to prevent good ventilation of the coils. 

The point of most rapid deterioration of the dynamo is the com- 
mutator, and nowhere is care more required. Damage to the 
extent of hundreds of dollars may be done in a short time by 
allowing the brushes to spark heavily. The commutator segments 
are now made of hard copper or bronze, and are one and a half 
inches deep. No material can be used, however, which will stand 
heavy sparking. The ordinary injuries to the commutator are of 
two kinds, due to scoring and sparking. If a hard copper brush is 
used and the springs are set up with considerable tension, the 
commutator segments are scored and cut by the friction, and 
everything in the vicinity becomes covered with fine copper dust. 
The tension should always be as light as possible and regulated 
after the brushes have been placed at the neutral points. Sparking 
may be due to a great many causes ; in fact, almost any defect in 
construction or design of the dynamo manifests itself in this way. 
As all dynamos are tested, however, before being placed on ship- 
board, and excessive sparking is sufficient reason for rejection in 
these tests, anything of the kind noted after installation is probably 
due to some defect which has been developed and necessitates 
careful inspection to determine the cause. It will, in general, be 
found to arise from defective insulation on the armature causing 
either a heavy ground or a cross. If the defect is on the outside, 
it may be repaired by covering it with shellacked tape, but if on 
an inner turn, the coil must be rewound. The Gramme armature, 
almost exclusively used in the Navy, has the great advantages of 
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I not being liable to short-circuits, and of being easy to rewind if i 
they do occur. In naval practice, armatures have burned out only 

from actual mechanical injury ruining the wire, or from general 
deterioration of insulation due to continuous overheating. The 
first can be guarded against by careful handling and treatment, the 
latter by avoiding excessive overheating. 

There is a great difference in dynamos as to sparking, depending'' 
mainly on the strength of the field and on the distribution of the 
lines of force. Every coil is short-circuited as it passes under the 
brush, and if it is at that moment generating electromotive force, 
there will be heavy sparking. It is possible to so arrange the 
field of the dynamo as to have an electromotive force generated 
in the coil opposing that due to the short-circuiting, and in this 
case, the short-circuited coi! will be practically dead and no spark 
occurs. In any dynamo in operation, the standard rule is to set 
the brushes at the position of minimum sparking. If it occurs on 
one set of brushes and not on the other, it shows that they are 
not at the right distance apart, and one set must be moved to 
bring both at the neutral points. Sometimes the brushes may bel 
too narrow, and it will be found advantageous to spread those on< 
the brush holder, so as to cause them to make good contact 
two commutator segments. 

Gauze brushes have recently been tried and are found very 
satisfactory, as, while admitting of sufficient tension for good 
contact, they do not score the commutator. Carbon brushes are 
largely used in shore practice in cases where large and sudden 
variations of load take place. They do not obviate the sparking, 
but render it less injurious, the brush wearing away instead of the 
copper of the commutator. They should have a cross section of 
at least one square inch for every fifty amperes to avoid heating. 

Once in place, the fixed wiring of the ship should cause but 
little trouble. The insulation on the wire in the fire-room is apt to 
deteriorate from heat, becoming harder and more brittle, and, 
therefore more liable to injury. Most of the deterioration in the' 
fixed wiring occurs, however, in the receptacles, switches and. 
junction boxes. Unless care is taken to always have these 
screwed up tight, moisture or water is liable to find its way insid^ 
where it is held and slowly corrodes the copper of the conductors. 
Steam-tight globes also are frequently not set up firmly on their 
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rubber gaskets. The standard fittings are water-tight only when 
care is taken to keep them so ; if neglected, water will work in 
and remain. Portable double conductor wire is sometimes treated 
by the crew with about the same consideration that they give a 
hawser and is, of course, rapidly worn out. The latest type is 
stronger and more durable than that formerly issued, but should 
have intelligent handling. 

Rubber covered wire should not be painted. Many pieces have 
been taken out of ships in which the rubber had been rotted by 
the oil of the paint. If different colors are desired, they should 
be made with colored braid. 

The automatic search-light lamps should be occasionally over- 
hauled, a little jeweler's oil on pivots materially assisting their 
working. The tension of the springs should be occasionally 
looked to, that the lamps may feed at the proper potential, which 
varies from 45 volts when using 50 amperes to 52 with 100 
amperes. The lamp should always be left with a good crater and 
with the carbons properly placed. Sufficient experience has not yet 
been gained with the electrical control apparatus to predict its special 
weakness in service, although it is safe to say that its complexity 
is such that reliability can be obtained only by constant care. 
The search-light mirrors should be kept clean, and when working 
with heavy currents in very cold weather it is probably advisable to 
keep them protected from sudden changes of temperature. The 
mirrors are sometimes broken by the blast of the guns, but this 
will seldom occur if the projectors are placed at a proper distance 
from the latter. The plane glass doors are more liable to injury 
and are made in standard strips, any one or more of which can be 
replaced at little expense. 

The indicating electrical apparatus thus far installed in our navy 
has not given satisfaction in service, although working well 
enough in tests ashore. Other systems will be installed for trial, 
and with care it is hoped will give good results. 

The present type of fixtures and many of the fittings are finished 
in dark bronze. The durability of this finish is doubtful. As it is 
lacquered it requires no cleaning except an occasional wiping off 
with an oily rag. Any scrubbing or polishing is liable to rub off 
the film, exposing the metal underneath. 
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The care necessary for the proper preservation of a complex 
electrical plant can be given only by thoroughly trained men. 
Whatever electricity may do in the future, it will always depend on 
human intelligence for the full development of its power, and all 
complex electrical apparatus requires attention to keep it in working 
order, as well as technical skill for its operation. 
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ARMING OF THE BRAZILIAN CRUISERS NICTHEROY 

AND AMERICA. 

By Howard P. Elwell, Associate Member of U. S. Naval Institute. 



It is well known that the Bureau of Naval Intelligence at Wash- 
ington has in its possession plans of all the merchant vessels 
sailing under the U. S. flag which could be converted into armed 
auxiliary cruisers. It is understood that designs for arming these 
vessels have been prepared. Certainly such information and data 
should prove of inestimable value in case of sudden emergency, 
but as yet no opportunity has arisen to call for the practical execu- 
tion of such plans. 

It will be readily granted that the simple execution of well pre- 
pared plans would be quite a different matter from arming a vessel 
complete without the least previous knowledge of her construction, 
when the time limit was extremely short, and the material scat- 
tered not only over this country, but beyond the Atlantic as well. 

The recent conversion of the merchant vessels El Cid and Bri- 
tannia into the armed cruisers Nictheroy and America for the 
Brazilian government presents an object-lesson, the value of which 
can scarcely be overestimated. These two ships, together with 
the pleasure yachts Feiseen and Javelin, were so quickly trans- 
formed from their peaceful condition into efficient fighting vessels 
and torpedo-boats, as to astonish naval officers and others having 
knowledge of the circumstances. 

, It is thought by the writer, who took an intimate part in the 
practical work of installing the battery, that a r6sum6 of the work 
would prove of interest, possibly of value. 
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NICTHEROY. 

The El Cid, now Nictheroy, is a steel vessel of 2, 908 net tonnage ; 
407 ft. long and 44 ft wide, built in 1893 for the Morgan line by 
the Newport News Ship Building Co. She was built strictly for 
freight, the construction being first-class in every particular. The 
vessel has spar, main (converted to a gun-deck), a lower deck 
running the whole length of the ship, and a short deck still lower, 
both forward and aft. There are three deck-houses, one forward, 
connected to the pilot-house, one long house amidships, and one 
short house aft. These were left, but the wheel-house aft was 
removed to permit complete train of after gun. She is provided 
with triple-expansion engines capable of driving the vessel at a 
speed of 17 knots. Extra coal bunkers were so arranged as to 
protect, as far as possible, the engines and boilers. 

The battery decided upon depended (as would be the case in 
any emergency) on the material available. It was as follows : 
One pneumatic gun, 15-in. calibre. 
One Hotchkiss rapid-fire, 12-cm. 
Two Hotchkiss rapid-fire, lo-cm. 
Eight Hotchkiss rapid-fire, 6-pdrs. 
Nine Hotchkiss rapid-fire, i-pdrs., 7 heavy, 2 light 
Two Hotchkiss revolving cannon, 37-mm. 
Four Hotchkiss torpedo launching tubes for Howell torpedoes. 
The ammunition supplied was as follows : 
50 rounds, fixed, for 1 2-cm. gun. 
200 rounds, fixed, for lo-cm. gun. 
14 1 9 rounds, fixed, for 6-pdr. 
200 rounds, saluting, fixed, for 6-pdr. 
540 rounds, fixed, for i-pdr., heavy. 
600 rounds, fixed, for i-pdr., light 
10 Howell automobile torpedoes, complete, with war-heads. 
I full calibre projectile, loaded, for 1 5-in. pneumatic gun. 
7 lo-in. sub-calibre projectiles, loaded, for 15-in. pneumatic 

gun. 

3 lo-in. sub-calibre projectiles, to be loaded on board. 

Not a very heavy battery, it is true, but one requiring a vast deal 

of work when it is considered that not even a preliminary plan 

was at hand, while the ship had to be prepared, the material 

ordered and shipped from various sources, received and placed on 
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board in service condition ; gun mounts located and bolted down, 
carriages assembled, guns mounted, torpedo tubes placed and con- 
nected to steam and exhaust pipes, magazines located, designed 
and fitted, ammunition, gun-cotton and other explosives received 
and stored, etc., and all this in twenty days. Material was received 
from Paris, Chicago, Providence, New Haven, Hartford, Cold 
Spring, Wilmington and Springfield, and, so far as known, not a 
package was lost or misplaced. 

The armament being decided upon, the first thing to be done 
was to decide upon the exact location of the several guns, tubes, 
etc., locate and design the magazines, all the while considering 
methods of strengthening and means of transporting ammunition.. 

THE PNEUMATIC GUN, 

The pneumatic gun, with all its accessories, was unquestion- 
ably the most complicated and awkward piece of mechanism ever 
installed on a floating vessel, and required a vast deal of prelimi- 
nary work for its reception. 

An opening, circular in shape, 26 ft. in diameter, but flattened 
forward, was cut clear through the spar-deck, beams and all, the 
centre being 3 ft. to starboard of the midship line. Coamings 
about 14 in. high, of ^-in. plate iron, were fitted around this 
opening through which the gun and its carriage were to project 
The gun was thus placed off the amidship line simply to permit 
direct ahead fire and not interfere with forestays and other neces- 
sary obstructions in the eyes of the ship. 

Directly under this opening, on the main deck, a huge circular 
pile of timber, 18 ft in diameter at the bottom, was built of 12 in. 
X 1 2 in. yellow pine, five courses high, each course tapering in 
steps toward the top. This is the foundation on which rested the 
carriage for the pneumatic gun. Under the main deck and between 
successive decks, 4-in. stanchions were fitted, extending down to 
the bottom of the ship to support the immense weight of carriage 
and gun. A circular opening was formed in the centre pf the 
wooden pile to receive the air-pipe from accumulators below to 
the gun, also for such wires, etc., as were required for the electric 
motors working the carriage. The wooden foundation was very 
securely bolted through and through and down to the deck. A 
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heavy cast iron base ring resting on top was bolted down through 
to the lower deck. 

When mounted, the carriage and gun projected through the 
opening in the spar-deck, giving the gun a clear range forward 
and permitting training on both bows. In this respect the instal- 
lation of the gun is entirely different from those on the Vesuvius ; 
the carriage, which was built for land service, as mounted permits 
jiot only training but also elevation of the gun. 

The accumulators were fixed in the lower hold on the starboard 
side directly under the gun, a central air-pipe leading up through 
the foundation as described. 

The air-compresser of the Rand horizontal double-direct acting 
type was installed on the between deck just aft of the engine-room 
bulkhead ; steam-pipes from the boilers and air-pipes to the accu- 
mulators forward were led through the various bulkheads to their 
respective positions. 

The projectiles were stored in the lower hold on the starboard 
side, the means provided for their transportation to the gun being 
quite elaborate. An elevator of the ordinary freight pattern, 
worked by a hoisting engine installed on the main deck, was 
fitted to run up through the main cargo hatches forward from 
the lower hold to the main deck. The projectiles are first loaded 
on the elevator in the hold, raised to the main deck and rolled into 
a loading trough (as it may be termed) resting on four trucks. The 
loading position of the gun is in a horizontal plane trained over the 
port bow. The trough with the projectile is run forward over a 
light guide-rail along the main deck to another elevator, which con- 
veys it up through the spar-deck, and from this the projectile is 
loaded into the gun. 

The g^n and carriage are manipulated from the spar-deck, light 
shields being provided to protect the gunners and the air-valves, 
levers, etc. , which otherwise would be entirely exposed. 

TORPEDO TUBES. 

The torpedo launching tubes were of the broadside type and 
were located on the main deck, ports being cut through the side of 
the ship eight feet long and two feet wide. Port shutters in two 
sections which could be opened independently were fitted with 
hinges on the bottom, so that the torpedo would be protected from 
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light fire until the last moment, when it would only be necessary to 
slacken one bolt and push the shutter open, its weight insuring its 
dropping and keeping out of the way. 

The launching tubes requiring steam for use by the motor in 
spinning up the fly wheel of the torpedo, connection with steam 
pipes from the boiler was necessitated. In order to permit training 
of launching tubes, a special arrangement of the steam and exhaust 
pipes is required. Where these are to pass through a deck the 
steam pipe passes inside through the exhaust pipe, one end of each 
being screwed into a special cast elbow provided with passages 
and openings for both the steam and exhaust pipes. The other 
end of these pipes is fitted to a similar elbow, but in place of 
being screwed in is arranged to swivel through a stuffing box 
formed in the end of the elbow. This arrangement requires but 
one hole through the deck at the centre on which the tubes are to 
train, the exhaust pipe forming the point for the tube. 

Steam and exhaust pipes were found on the ship in the channels 
where they were originally placed for leading steam to winches 
and capstans. These pipes were cut wherever a tube was located, 
turned back against the side of the ship and tapped for connection 
with the steam motor on the tube. These connecting pipes were 
carried down through the deck and made into the double elbow 
described above. 

Wooden deck circles were fitted to the sheer and crown of the 
deck and leveled on top to receive the metal deck circles of the 
tube, and a wooden block was bolted to the channel-plate to 
receive the steam pipe pivot Care was exercised in making up the 
connections to insure against danger from expansion of the long 
pipes in the channel, loops being formed in the copper pipe used 
for the purpose. A steam and exhaust valve was provided for the 
two tubes forward and the two aft respectively. 

Near the outer end of the tube and around it was a light band, on 
top of which a pintle was formed. This pintle was so adjusted as 
to be directly over the centre of the steam pipe pivot below, and 
turned in a socket which was bolted to the frame-work of the port 
by flat-iron braces. The lower carriage supporting the tube is also 
braced from the steam pipe pivot. 

The tubes were located directly athwartships from each other, 
two forward and two aft. The torpedoes with practice heads com- 
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plete were stowed in boxes amidships between the tubes. These 
boxes were a sort of combination loading-trough and stowaway 
box, the bottom forming a loading trough when the cover was 
removed, in which the torpedo rested and from which it could be 
pushed forward into the tube. A rope bale was provided so that 
the trough could be suspended, and the torpedo pushed out through 
it A light overhead rail of 3 x ^-in. fiat iron was suspended from 
the deck above and ran across from tube to tube. A light trolley 
with chain falls of the ordinary commercial pattern was provided 
for handling the torpedoes. 

No strengthening of the ship was required for the torpedo instal- 
lation beyond a heavy iron frame of 6 x i ^-in. iron at the ports. 
This was simply to supply strength lost by cutting through the 
two frames of the ship, in forming the long ports. 

THE I2-CM. GUN. 

The i2-cm. gun was located aft of the after-deck house. The 
wheel-house having been removed and the steering gear pro- 
tected by a 2 -in. steel armor plating, the gun had a clear stem 
fire and could be trained on either side to about 30° forward of 
the beam. 

The spar-deck being entirely too light to resist the shock of sa 
heavy a gun, a plan of strengthening was adopted, which it is 
believed could be employed to advantage in many cases, so dis- 
tributing the strains that a gun of considerable weight could be 
safely mounted on a vessel of very light construction. The position 
most desirable for the gun, while requiring the removal of a 
steam capstan, utilized the strengthening originally designed for 
that purpose. The wooden deck was cut away for a space 6 ft. 
wide by 8 ft long. An iron plate ^ in. thick was found on 
top of the beams and another i in. thick, to which the capstan 
engine had been bolted, under the beams. A wooden platform 
of yellow pine timbers, 12 x 12-in., was bolted down in the 
space cut out of the deck and leveled off on top about 8 in. above 
the line of the deck. The base ring for the mount was bolted down 
through this platform and the iron plates, the bolts extending down 
through the main deck below. Each bolt passed through a 4-in. 
double extra thick pipe which fitted closely between the iron plate 
under the spar-deck beams and the main deck below, resting on 
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heavy cast-iron steps made for the purpose. When the bolts were 
set up, it will be seen that a very strong, rigid structure was formed, 
capable of resisting heavy shocks. 

THE lO-CM. GUNS. 

The lo-cm. guns were mounted forward on the bluff of the bow 
one on each side. They could be trained directly ahead, on broadside 
and nearly astern, being limited in this direction only by the deck- 
house. With the pneumatic gun elevated slightly, either gun could 
be fired across bows nearly abeam. Platforms of 12 x 12-in. 
yellow pine timber 6 ft square were fitted to the sheer and crown 
of deck and leveled on top. Two heavy iron clip stanchions 
were fitted from the deck beams under the platforms to the main 
deck below. The bolts passed through the base ring down through 
the platform and deck, setting up on a i-in. plate placed under 
the beams. A bulkhead, just forward of the mount, added mate- 
rially to its support 

THE 6-PDRS. 

The eight 6-pdr. guns were distributed equally on each broad- 
side, six on the gun-deck at original freight ports and two on the 
spar-deck at the forward end of the after-deck house. The shape 
of the base of the mounts and size of the ports on the gun-deck 
permitted a total train of about 100°. The two guns on this 
deck aft were so located that a train aft df the beam of about 70° 
was possible. The four guns at the midship and forward ports 
were located so as to give about 70° forward train. The two on 
the spar-deck had almost a clear fore and aft fire, being limited 
only by the rigging and danger of firing close to the deck-houses. 

The mounts on the spar-deck rested on and were bolted through 
platforms of 8-in. yellow pine timber in addition to the deck. 
The mounts on the gun-deck rested directly on the deck itself. 
The ship was constructed with a heavy steel plate over the main 
deck beams at the side, running fore and aft, so that the outer 
bolts of the mounts passed through it, the inner bolts passing 
through the 4^ -in. deck only. 

I-PDRS. 

The nine i-pdr. guns were distributed on each side, 2 on the 
after comers of the forward deck-house, 2 on the forward corners 
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of the deck-house amidships, i on the port side of the spar-deck 
near the after end of deck-house amidships (a circle was placed on 
the opposite side, but there was no gun tor it), 2 on the forward 
corners of the after deck-house, 2 on the after comers of the after 
deck-house. These guns, with the exception of two, were all of 
the heavy pattern, on recoil mounts and shifting stands. 

Extra deck circles, to the number of nine, were provided so 
that the guns could be remounted in any position found desirable 
at any time. Six of these were not bolted down, owing to lack 
of time. No special features occurred in mounting these g^ns. 
Through bolts were used on the deck-houses to bolt down the 
deck circles, lay bolts where deck circles were bolted to deck. 

37-MM. REVOLVING CANNON. 

The two 37-mm. revolving cannon were located on the pilot- 
house, one on each side. They were mounted on the standard 
i-pdr. cage-stand, and each had direct ahead, clear broadside and 
nearly astern fire. The stands rested on wooden platforms of 3-in. 
yellow pine and were bolted through the top of the pilot-house. 

MAGAZINES. 

Two magazines were provided, one on the port side in the lower 
hold just forward of the fore-cargo hatch. They were built of 
3 X 4-in. scantling and matched boards and lined with zinc. 
They were divided into several compartments for the various 
sizes of ammunition and explosives, all opening from one ample 
passage way. They were well lighted from the outside by elec- 
tric lights. Arrangements were provided for flooding. 

Alight elevator, worked by hand, floor 2x3 ft, was provided 
at each magazine, running straight up through the hatches. A 
number of light trucks were also provided for distributing the 
ammunition from the elevator to the several guns. 

Five of the Howell torpedoes being stowed between the forward 
launching tubes and five aft, the corresponding war heads were 
stowed in the magazines below. These heads were the actual 
heads of the torpedo, of brass, and contained each about 92 lbs. of 
wet gun-cotton in discs fitted directly to the inside of the heads, 
which are provided with water-tight bulkheads. The loaded head 
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is stored in a wooden box 34 in. long, 16^ in. wide and deep, 
and handled in this way until removed on deck to be connected to 
the torpedo for use. 

The dry gun-cotton primers for the torpedoes, containing each 
2 lbs. dry gun cotton, are brass tubes with wooden caps fitted with 
cork bottoms. Five of these primers, separated by blocks, are 
stored together in a wooden box and kept in a closet in the 
captain's room. 

The detonators, containing each 30 grains of fulminate, are stored 
in small pine boxes, in which holes are bored to receive them. 
The holes and cover are lined with velvet The boxes are kept in 
a safe place in the captain's room. 

AMERICA. 

The Britannia, now America, an iron ship of 672 net tons, dis- 
placement 2600 tons, 260 ft. long, 34 ft wide, loaded draught 
forward 17 ft, aft 19 ft, was built in Bergen, Norway, expressly 
for tourists' excursions. The vessel has triple-expansion engines, 
originally capable of driving the ship at 1 6 knots, but the introduc- 
tion of a steam fan for forced draught is expected to increase her 
speed at least i knot 

The vessel has but one main deck available for mounting guns. 
A short deck-house forward and one aft were entirely removed, leav- 
ing a clear space forward and aft of the main deck-house for gun plat- 
forms ; the top of the deck-house is widened out over the passage 
way between the deck-house and the rail, forming a promenade 
deck, the outer edge being supported by stanchions from the 
main deck below. 

Locations for several small pieces were found on this deck. 

The steering gear and engines which were entirely exposed aft 
on the main deck were covered and protected by a 2 -in. armor 
plating. The ship was constructed with a J^-in. iron tie plate 4 ft 
wide, running clear forward and aft along each side over the main 
deck beams. This plate furnished a very strong support for guns 
mounted on the broadside. 

The battery installed was as follows : 

Two Armstrong 4.72-inch quick-firing guns. 

Two Hotchkiss 14-pounders. 

Six Hotchkiss 6-pounders. 
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Six Hotchkiss i -pounders, light. 

Four Hotchkiss torpedo launching tubes, for Howell torpedoes. 

The ammunition furnished was as follows : 

200 rounds for 4. 7-inch guns. 

250 rounds, fixed, for 14-pounders. 
1332 rounds, fixed, for 6-pounders. 

100 rounds saluting 6-pounders. 

660 rounds, fixed, for i -pounders, heavy (for the Nictheroy). 
1400 rounds, fixed, for i -pounders, light 
Eight Howell automobile torpedoes, complete with war-heads. 
One Sims-Edison torpedo stowed on top of the hurricane deck 
abaft the foremast 

For the Nictheroy : 

Two full calibre projectiles to be loaded on board. 

Sixteen lo-inch sub-calibre projectiles to be loaded on board. 

THE 4.7-INCH QUICK-FIRING GUNS. 

The two 4.7-inch Q. F. guns and mounts were of the very latest 
Armstrong pattern, fitted with all the latest improvements. They 
were mounted forward, one on each side on the bluff of the bows. 
Platforms 10 ft long by 6 ft wide of 12 x 12-in. yellow pine timber 
were fitted to the sheer and crown of deck, and leveled on top. 
No other strengthening was supplied at these points, as the ship 
seemed to be so strongly constructed as to need none. The bolts 
passed down through the base ring of the mount, the platform and 
deck. The carriages were fitted with curved upright shields with 
slanting roofs. These guns, like the two after guns, were stag- 
gered ; that is, by mounting the port gun abaft the starboard one, 
beam fire from both guns was possible on either side. 

14-PDRS. 

The two 14-pdrs. were located aft, one on each side, one ahead 
of the other, so that each gun had not only a complete aft train 
and about 60° forward of the beam, but both could also be trained 
on either broadside. These guns rested on wooden platforms 
10 ft long by. 6 ft wide of 12x12 in. yellow pine timber fitted 
to the deck and leveled on top. The platforms were built almost 
over the place left on the deck by the removal of the after deck- 
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house. This place had been covered by j^-in. iron plating 
riveted to the deck beams and a 4-in. white pine deck flush with 
old deck. The bolts for the mounts extended through base ring, 
platform, and all but one or two through the ^-in. plating. It 
was intended that bolts should be passed through to heavy iron 
plates to be fitted under the deck-beams, but this was not done. 

6-PDRS. 

Four of the 6-pdrs. were located on the main deck in the 
passage way between the deck-house and the rail, two on each 
side, and rested on platforms of 3-in. yellow pine. Two others 
were located near the forward corners of the promenade-deck out 
over the passage way. 3-in. yellow pine plank was fitted under the 
projecting deck above for the mounts, and four 3-in. iron stanchions 
were tightly fitted between these planks and the main deck. 
Through bolts passed down through the base ring of the mount, the 
promenade-deck and the planks. All were provided with shields. 

I-PDRS. 

Two of the i-pdrs. were located on the main deck, just forward 
of amidships. Four were located on the promenade-deck, two 
forward, and two aft. All were provided with shields. 

TORPEDO LAUNCHING TUBES. 

Two centre-pivot tubes were mounted as broadside tubes on the 
main deck amidships. Two were mounted as bow tubes on the 
deck beneath. The two centre-pivot tubes required very little 
preparation for their reception. A four-inch hole was bored through 
the deck, at the centre of which the tubes were to train. A com- 
plete deck circle of yellow pine, 5 ft 2 in. in diameter, 3 J^ in. wide, 
and a circle 23 in. in diameter, both i in. thick, were fitted to the deck 
at the centre and leveled on top. The base ring of tube was lag- 
screwed to the 2 3-in. circle; the cone base of the launching tube 
fits down on the base ring and is held to it by a clip-ring which is 
fitted to act also as a clamp. 

Small roller trucks on the tube rest on a ^-in. iron circle screwed 
to the top of the deck circle, adjusted to carry the weight. 

The same arrangement of steam and exhaust pipes as described 
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for the broadside tubes of the Nictheroy pass up through the 4-in. 
hole bored in the deck. Steam and exhaust pipes from the boiler 
lead into the double elbow below the deck. Valves were pro- 
vided to be worked from the main deck near the tubes by wrenches 
through the deck plates. 

The two tubes required considerable preliminary work. The 
forecastle in the eyes of the ship, under the main detk, was cleared 
out and converted into a torpedo-room, which ended aft in a heavy 
collision bulkhead. Holes were cut in the bow, one on each side, 
about 3 ft. below, and the same distance abaft the hawse pipes. 
Heavy castings, in the form of a tube, of an internal diameter 
somewhat larger than the launching tube, with flanges fitting the 
outside plating of the ship, were cast and bolted into place. 

The front end of the castings were faced off, and the shutters 
grooved for a rubber packing ring. 

The shutters were arranged to hinge to a lug formed on the 
casting so that they dropped down and outward, at an angle of 
about 45^. They were held in place against the rubber ring by 
a shaft forming the hinge bolt, to which they were keyed. This 
shaft extended through a stuffing box secured to the plating of the 
ship, and was provided on the inside with a long lever ; the shut- 
ters could thus be opened or closed from the inside, a lashing at 
the end of the lever to a ring bolt in the deck securing the shutter 
in closed position. 

The castings were so fitted that the centre lines of the tubes, 
while parallel to each other fore and aft, inclined downward ahead 
at an angle of about 4° with normal water-line. The launching 
tubes were entered into the ship through the openings cut in the 
bows before the castings were bolted into place. They were 
fitted into the castings, and made water-tight by two packing 
rings which fitted the tubes tightly, and were packed around the 
outside with oakum. 

The after ends were supported by a light A-frame of 3-in. angle 
iron, bolted to the tube and to the deck. Steam and exhaust pipes 
direct to the motor were connected with steam and exhaust pipes 
passing through this same compartment for the windlass engpines 
on the main deck above. 

The distance between the rear of the tubes and the collision 
bulkhead being too short to permit loading of the torpedoes, cir- 
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cular openings 22 in. in diameter were cut through the bulkhead 
in line with the tubes. Water-tight doors were fitted over the 
holes to be removed only when loading a torpedo. Eye bolts in 
the deck above, in line with the tubes, were provided, one on each 
side, just to the rear of the tube, for a pair of chain falls, for hand- 
ling the torpedo ; the other farther aft, for supporting a j54-in. iron 
rod for supporting the end of the torpedo, and prevent its tipping 
when hoisted in position for loading, and while the primers and 
firing points are being adjusted before entering the torpedo into 
the tube. 

On this ship it was thought best to economize space by loading 
a torpedo in each tube. 

There being two torpedoes per tube the extra ones were stored 
in boxes, two in the forward torpedo-room against the collision 
bulkhead, and one on each side on the main deck just aft the 
centre-pivot tubes. 

MAGAZINES. 

There were two magazines, one forward and one aft. The for- 
ward magazine was located in the lower hold just forward of the 
fore hatch through which the ammunition was hoisted to the deck 
and distributed. on trucks. 

The after magazine was in the lower hold just forward of the 
after hatch through which the ammunition was hoisted. 

The magazines were divided ifito compartments for the several 
kinds of ammunition, and were lighted by electric lamps. 

Four war heads for the torpedoes were stored aft and four for- 
ward. They w^ere in boxes as described for the Nictheroy. The 
dry gun-cotton primers and the detonators were stored in the 
captain's room. 

TORPEDO-BOATS. 

There were three torpedo-boats in the fleet Two were con- 
verted from the yachts Javelin and Feiseen ; the third being 
obtained complete, with the exception of launching tube, from the 
well-known English builders. Yarrow & Co. 

The Javelin and Feiseen were stripped of their deck and pilot- 
houses and furnished with light steel conning-towers. The Feiseen 
had originally a long, low house over engines and boilers, extend- 
ing aft over a cabin. This was all removed and a light steel deck 
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built over, crowned up in the centre to give head room in the 
engine and boiler-rooms. A blower for forced draught was added. 

A centre-pivot launching tube was installed forward of the con- 
ning tower, the work necessary being precisely as described for 
the centre-pivot tubes on the America, with the exception of the 
connection of the steam and exhaust-pipes. These were made up 
in the usual way into the double elbow spoken of previously ; but 
in the steam-pipe it was necessary to provide a reducing valve, as 
steam pressure in the boilers was in excess of the safety limit for 
the piping and steam motor on the tube. 

The valve was set to furnish steam to the motor at 125 pounds 
pressure. The exhaust-pipe was so arranged that the exhaust could 
be delivered either into the condenser or outboard. 

A low mount for a i-pdr. R. F. gun was riveted to the top of the 
conning-tower, and a deck circle for a light steel cone mount bolted 
to the deck aft One light i-pdr., with the accessories and spare 
parts, was furnished to each boat. The pivot for the gun fitted 
both mounts and could be shifted to either position. 

The work done on the Javelin was similar to that on the Feiseen, 
one centre-pivot launching tube and one i-pdr. being fitted as on 
the other boat. 

These two boats were hoisted and carried on the deck of the 
Niotheroy, one on each side amidships and secured in a cradle 
prepared for it. 

The Yarrow boat was fitted with a bow launching tube. The 
stem and plating were cut through to receive the tube which was 
entered from the rear, the plating of the conning-tower being 
removed for that purpose ; the tube passed through a hole in a 
bulkhead about 6 ft. abaft the stem. 

The launching tube itself being too short for this boat, a short 
piece of tubing of wrought iron was rolled up, screwed and fitted 
to the end of the tube to extend it out through the stem. A plate 
of ^-in. iron was shaped to the outside of the tube, flanged to the 
bow of the boat and riveted to it. 

The inside extension piece being caulked to the outside plate 
and to the tube, itself, formed a perfectly water-tight joint ; the 
inside end of the tube was supported by an A-frame, as in the bows 
of the America, and was also braced to the sides of the boat by 
light, flat iron. 
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The fiteam and exhaust-pipes were led directly through the 
boiler-room bulkhead and made up into the unions on the motor. 
A redudng-valve was fitted in the steam-pipe as on the other boats. 

The torpedo for this boat must be loaded through the bow. 

Mounts on the conning tower and afl were furnished, as on the 
Javelin and Feiseen ; the g^n, however, was a heavy i -pounder. 

The Destroyer, a craft well known as a vessel designed to carry 
a submarine gun, was also one of the fleet In addition to her 
submarine g^n a centre-pivot torpedo launching tube was installed 
on the deck forward. Two heavy i-pounder R. F. g^ns, with 
300 rounds ammunition, were added to her equipment The gun- 
cotton for her projectiles and torpedoes was stored in the lower 
hold. 

No alterations of any account were made in this craft beyond 
extra timber along her sides, wooden braces inside the light deck- 
house and a sea breaker forward, all to preserve her stability, and 
make her more seaworthy while on the voyage to Brazil. 

A heavy steel wire hawser, secured by staples, was carried 
around the vessel and ended forward in a big thimble, to which 
was attached a ring and chain. 

The Destroyer was taken in tow by the ocean towing tug 
Santuit, which also carried the Yarrow boat lashed on her deck 
forward. 

The base ring of the launching tube was fitted to the deck of the 
Destroyer, but the tube itself, with the torpedoes, guns and other 
equipments were carried as cargo on the Santuit 

The El Cid arrived in port from commercial voyage Oct 26. 
Cargo was taken out and the' vessel put in dry dock. 

On Nov. 1 8th, she dropped down the bay practically completed. 
The torpedo-boats were hoisted aboard the night of the 19th, and 
the vessel sailed on the morning of the 20th. 

The Britannia arrived in port on Nov. 6th, went into dry dock, 
and dropped down the bay on the 24th. She sailed the next day, 
Nov. 25th. 

One incident seems well to illustrate the expeditious manner in 
which all the work on both ships was performed. As stated above, 
the Britannia dropped down the bay on the 24th. 

The two 4. 7-in. quick-firing guns had not yet arrived, and only one 
carriage was at hand and in place. The guns and other carriage 
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were on the S. S. Germania, which arrived at the dock at four 
o'clock in the afternoon. It was found that the material required 
was at the very bottom of one of the freight-holds. Work was 
immediately begun on her cargo, and by midnight the material 
was on the wharf. The guns and carriage were hoisted on board a 
lighter in the morning, and one gun and carriage assembled; the 
lighter then started down the bay. 

Meanwhile a tug had taken the base ring down to the Britannia, 
together with a gang of mechanics, so that by the time the lighter 
arrived with the carriage and gun, the base ring was bolted down in 
its place. The carriage and gun were hoisted on board, dropped 
into place and bolted to the base ring. The second gun was hoisted 
into place on its carriage, already in position. This work was 
fully accomplished, and the vessel started for sea by three o'clock 
in the afternoon of the same day. 

This article has been confined strictly to a r6sum6 of the arma- 
ment of the fleet. The work performed in the other departments, 
the electrical work (both ships were completed, fitted with dynamos, 
two search-lights each, and lights in. every part of the ship), the 
engineers' department, the stewards' division, and all were carried 
along at the same high pressure. 

No better illustration could be had of what can be done in case 
of an emergency. 

It must be borne in mind, however, that there were no hitches, 
that every one worked as for a common interest, and that no time 
was lost When anything was found to be needed it was obtained 
without delay. 

Note. — ^The accompanying plates are not intended to be 
accurate drawings of the ships. They are sketches to scale, and 
will serve to illustrate the relative positions of the various guns. 
The port forecastle gun of the America should be represented 
abaft the starboard one, as is shown in the case of the after guns. 
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NOTES UPON THE NECESSITY AND UTILITY OF THE 

NAVAL WAR COLLEGE IN CONNECTION WITH 

PREPARATION FOR DEFENSE AND WAR. 

By CoMDR. C. H. Stockton,* U. S. Navy. 



The events which precede and follow the outbreak of war 
progress too quickly to allow time for general or special recon- 
naissance of the theatre of operations, either at home or abroad. 
Hence this work which took place formerly in time of war should 
be made now^ in time of peace. 

This is particularly the case with naval warfare, for to the 
existence of men and vessels in reserve, and the powers of rapid 
assemblage, are added enhanced qualities of speed and sea 
endurance. These qualities give to naval operations such possi- 
bility of quickness and vigor in execution and increased length of 
reach, that the time permitted for preparation for defense is cor- 
respondingly shortened. Besides, measures taken upon the eve 
of war — a time of emergency and excitement — will naturally be 
imperfect, ill-digested and extravagant. 

The sudden nature of war is historical. During a period of one 
hundred and seventy-one years, from 1700 to 1870, one hundred 
and seventeen cases of hostilities have occurred in the civilized 
world ; one hundred and seven of which have been commenced 
by European subjects, or citizens of the United States, without due 
declaration of war. 

With preparation for war and defense properly made, among 
other things by the study of past naval campaigns, of tactical 

* Of the U. S. Naval War College. 
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than bravery alone. The brave man had better be in telli gently H 
brave while he is about it. It may raise his reputation for pluck 1 
to win with great loss ; but it will benefit the State more thai he I 
should win with small loss. Besides, a man cannot be argued ] 
into bravery, and he can be taught strategy. " 

Of naval history, he says : "In writing this book (Naval ] 
Warfare, etc., historically treated) I have kept in mind the double I 
object of showing that Uiere are laws governing the conduct of I 
naval war which cannot be trangressed with impunity ; and that I 
there is no reason to believe them abrogated by any of the I 
changes of recent years." 

Vice-Admiral Randolph, R. N., says : "'Why should there not be ' 
I a systematic course of practical manceuvres, including experi- 
I menta in turning under difBcullies, in the shortest time and space, 
n stopping dead from differerent speeds and going astern, etc., 
through which every executive (line officer) should pass, in I 
vessels of any available size, from steam pinnace to big unar- 
mored ships." 

Captain W. H. Henderson, R. N., in a discussion held at the 
Royal United Service Institution in 1887, as to the study of 
strategy and war games, spoke as follows: "At the present 1 
moment naval officers are feeling most seriously that there is great ] 
need for their attention to be drawn to questions of tactics and I 
strategy. Officers present know that their time afloat is occupied ' 
in perfecting details of drill, but questions as to the condi- 
tions under which we should have to conduct the operatioi 
of a great naval war on which we may have to enter any day, 
and on which not only our naval supremacy, but our maritime 4 
power may be at stake, are not seriously thought of. It is all very 'I 
well to say that naval officers will be equal to the occasion when 1 
the time comes, and be able to make up for the deficiencies caused J 
by the neglect of a study of this subject in time of peace. I do j 
not doubt for a moment we shall do our best, but this neglect will | 
I entail losses which never should have occured, and will strain our | 
[ resources to their utmo.=t to overcome, the burthen of which will J 
fall on the nation in sacrifices to a war tribute of blood and | 
treasure unnecessarily large." . , . "We may have the best ships I 
and the best drilled officers and men, yet these advantages will ] 
be wilfully scattered to the winds if there is not in the service J 
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generally an exact appreciation and knowledge of the condition 
under which the naval operations of the day will have to be 
entered upon and carried out. To attain this means intelligent 
study and careful provision during times of peace for the exac- 

The War College, founded by Rear-Admiral Luce, was earnestly 
advocated by Admiral David D. Porter, while its value has been 
impressed upon our own and foreigTi navies by writings of Captain 
Mahan, lately its president 

In a printed report, not long since issued from the Navy Depart- 
ment, is the following statement: "The Department is deeply 
impressed with the importance of the College to the Navy, as a 
means for insuring the development of the science of naval warfare 
as distinguished from the development of naval material. 

"Both are essential to the full attainment of the results to be 
expected from a navy. The success of the College in the past has 
been recognized both in this country and abroad, and its useful- 
ness may be expected to increase in the future." 

The following additional extracts from the opinions of distin- 
guished officers on the subject of teaching the art of war are of 

Captain Hammill, of the English Navy, commenting on the want 
of naval tactics for our modem men-of-war, says : "What we 
suffer from appears to be this, that we have no 'school of tactics' 
whatever in the Navy." 

And further on he says: "The only way, in my opinion, in 
which we can learn modern tactics, is by thoroughly discussing 
the systems that might be adopted, and by practicing them in 
peace-time, so that we may be prepared to follow some system in 
time of war." 

J. K. Laughton, M. A., R. N., lecturer on naval history at the 
Royal Naval College, England, in an address on the last great 
naval war, includes in his remarks the following: "I fear, a great 
many of our officers are inclined rather to say, or at any rate to 
think, that Nelson was no doubt a very tine fellow in his way, but 
it was a poor way after all. He knew nothing of steam ; he never 
heard of torpedoes. What we have to study now is the applica- 
tion of these ; not the obsolete tactics of sailing-ships. Do not, I 
beseech you, be led away by any such sophistry. Let me impress 
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on you that the art of war, like other sctenceSy is based on fixed priiu 
ciples which never become obsolete ; which are the same now as they 
were three thousand years ago ; and that the exact history of any 
great commander, the exact detail of any great battle by sea or by 
land, of any glorious victory or terrible disaster, whether of our 
time or of any other time is, to the careful student, full of matter 
for deep and earnest reflection." 

Frederick III., in his "Order of Service for the German War 
Academy," has said : "The object of the War Academy is to initiate 
into the higher branches of the military sciences a number of offi- 
cers of the necessary capacity belonging to the various arms, and 
thus to enlarge and extend their military knowledge and to clear and 
quicken their military judgment " 

Count Moltke, in his "Order of Teaching "for the same Academy, 
says : "It is, moreover, essential to bring about an active process 
of mental give and take between teacher and pupils, so as to 
stimulate the pupils to become fellow- workers. The awakening 
effects of co-operation like this will never be seen where the one 
only expounds and the other only listens. But it will naturally be 
produced by the combination of clear exposition, with practice in 
the application to specific concrete cases of the knowledge gained" 

"Accordingly, . . . the lectures are, as far as possible, to be 
interspersed with practical examples. " . . . "The Academy is not 
to give fragments of disconnected knowledge. " 

In his "Order of Teaching," Count Moltke says on the subject of 
tactics : 

"The object of tactical instruction, to which, above all, pre- 
eminent importance must be attached, is ... by teaching and by 
setting problems to make them familiar with the endless diversity of the 
conditions of modern battled* . . . "The teacher must throughout 
endeavor to make his instructions suggestive by examples and by 
exercises on the map and in the open air. In this he will be suc- 
cessful in proportion as he makes use of the experiences of modern 
and recent wars." 

On military history, he has said : "The lectures upon military 
history offer the most effective means of teaching war during peace, 
and of awakening a genuine mterest in the study of important 
campaigns. These lectures should bring into relief the unchange- 
able fundamental conditions of good generalship in their relation 
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to changeable tactical forms, and should place in a true light the 
influence of eminent characters upon the course of events and the 
weight of moral forces in contrast to that of mere material instru- 
ments. 

"These lectures must not degenerate into a mere succession of 
unconnected descriptions of military occurrences. They must 
regard events in their casual connections, must concern them- 
selves with the leadership, and must, at the same time, bring out 
the ideas of war peculiar to each age. They will acquire a high 
value if the teacher succeeds in bringing into exercise the judg- 
ment of his pupils. 

"This judgment must never degenerate into mere negative 
criticism, but must clothe itself in the form of distinct suggestions 
as to what ought to have been done and decided." 

Further on, in the " Order of Teaching," Count Moltke in describ- 
ing the purpose of all these studies in military history goes on to 
say : * * Before there can be good practice there must be a true theory, 
and a true theory can be acquired only from historical study, pur- 
sued according to a sound method. Moreover, the theory can 
never have an independent existence ; it must always derive its 
sustenance from fresh contact with the historical reality of which 
it is the abstract." . . "Historical study which did not yield a 
theory would be barren and useless." 



EXTRACT FROM PREFACE OF CAPTAIN MAHAN S WORK, •'INFLUENCE OF SEA 

POWER UPON THE FRENCH REVOLUTION." 

"The present work, like its predecessor, is wholly a result of the 
author^ s connection with the U, S, Naval War College as lecturer upo^ 
naval history and naval tactics, 

"If the commendation bestowed be at all deserved, it is to be 
ascribed simply to the fact that the author has been led to give to 
the most important part of the profession an attention which it is 
in the power of any other officer to bestow, but which too few 
actually do. 

" That the author has done so is due wholly and exclusively to the 
Naval War College, which was instituted to promote such studies, " 
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THE WILLSON DISC GUN. 
By Lieut. -CoMDR. R. R. Ingersoll, U. S. Navy. 



The great increase of power due to great increase of initial 
velocity of the projectile, which has been obtained by the use of 
smokeless powders in guns which were designed to use brown or 
black powder, has naturally led to much speculation in regard to 
the possibilities of the use of smokeless powders in guns con- 
structed to withstand the pressures obtainable with heavy charges of 
the new explosive. The maximum pressure with charges of 
smokeless powder, in the guns in use at the present time, is limited 
to about 1 6 tons, the same as that obtained by brown or black 
powders; and the increase of power with these guns is due, 
mainly, to the absence of a solid residue when smokeless powder 
is used, giving a larger volume of gas (at the instant of maximum 
pressure, to expand through the remaining length of bore) than was 
possible with brown or black powders. 

The development of the gun of the present type of construc- 
tion, by increasing the length of the gun and thus increasing the 
length of the travel of the projectile in the bore, has a practical 
limit, for naval guns at least, and the logical development would 
seem to be in the direction of increasing the resisting power or 
the elastic strength of the present length, since the proportional 
increase of velocity, by increasing the travel of the projectile, is 
small as compared to the possible increase if a safe maximum pres- 
sure of 24 tons, say, could be used instead of 16 tons, as is the rule 
at present with the present form of construction and the present 
quality of steel when used in the form of masses. 

With a maximum pressure of 24 tons instead of 1 6 tons, veloci- 
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lies of from 3000 f. s. to 3400 f. s. 
would be the rule with guns of the I 
present length', instead of 2000 f. s. J 
to 2400 f. s., and the energy of pro- -I 
jectiles of the same weight would \ 
be more than doubled. The atten- 
tion of inventors, then, has been ] 
directed toward the use of steel in 
some other form than that of tubes, 
and successful efforts have been ] 
made to utilize the very high elastic | 
strength of steel obtainable in the J 
I form of wire or riband. 
I Mr. Thomas Willson, of New York. ] 

I the electrical engineer, has invented 1 
I a process of construction which I 
S will allow the very highest grades I 
I of cold rolled steel in small thick- 1 
3 nesses to be used in building up the I 
I gun and which does not involve I 
; any of the possible uncertainties of 1 
I the use of steel in the form of wire or I 
riband. His process of construction 1 
has some very novel features, is cer- 
tainly simple and, so far as it has 
been tested in the form of a trial 
cylinder, has fulfilled the expecta- i 
tions of the inventor. The gun I 
built according to Mr. Willson's plan I 
may be described as follows: 
i ill consists of a tube of the size and | 
ij ~ - ' thickness, approximately (eztend- 
I £ ing the whole length of the bore), I 

I i ~ now lised with guns of the ordinary^l 

I I , t' design. Over this tube are shrunk fl 
I B 1 1 by heat discs of steel of the highest I 
llli grade (prepared by a process of I 

coid rolling), of an elastic strength ] 
of ioo,Qoo lbs. per square inch 
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value which steel makers will contract to furnish. These discs 
are shown in the plates, and may extend, if considered necessary, 
all the length of the gun tube to the muzzle. These steel 
discs, together with the gun tube, are designed to resist the prin- 
cipal stress produced by powder-pressure, that of hoop tension. 
The elastic strength of the gun in this direction being limited to 
the elastic strength of the steel in the tube from compression to 
extension. 

Without going into the mathematical details of computing the 
elastic strength of such a gun, it may be said of it that an elastic 
strength of 32 tons per square inch can be obtained by a proper 
proportion of the dimensions. Thus far, resistance to but one 
stress has been provided for, and Mr. Willson provides for the 
other, the longitudinal stress, by an outside jacket of aluminum 
bronze cast in one piece over the assembled tube and discs. 

The success of this method of providing for the longitudinal 
strength will depend upon the certainty of a sound casting, and 
upon an assured elastic strength of aluminum bronze of 30,000 
lbs. per sq. in., while the elastic strength of the assembled tube 
and discs must not be materially changed by temperature of the 
molten bronze in the process of casting. If these things can be 
assured, then the plan of using an outside jacket of aluminum 
bronze affords a simple and easy solution of the problem. 

Manufacturers having sufficient plant are willing to contract to 
assure sound castings and an aluminum bronze of the required 
strength. Steel makers of undoubted responsibility are also will- 
ing to furnish a steel for the discs which, after the casting of the 
outside jacket of bronze, will not show a reduction in elastic 
strength below the fixed limit of 100,000 lbs. per sq. in., claiming 
that the effect of the casting of the bronze jacket outside the steel 
discs will be to anneal them, and not to destroy the high qualities 
obtained by cold rolling or other processes of working. By experi- 
ments with a cylinder of 2-in. bore constructed on this plan, this 
has proven true. Aluminum'bronze has been chosen as the mate- 
rial for the outside jacket, because of the simplicity of manufac- 
ture combined with low cost ; the outside jacket might, however, 
be made of steel, in two or more lengths, shrunk over the discs 
and with a locking band to lock all parts together. The system of 
construction does not, in other words, forbid the use of steel 
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throughout, but with aluminum bronze of the proper strength, and 
a sound casting, the longitudinal strength will be ample. 

The breech-plug is housed in a short steel tube which screws 
over the rear end of the gun-tube in rear of the seat of the gas- 
check, and which is itself gripped by the outside jacket. 

This system of construction, so far as the position of the metals 
of different strength is concerned, is essentially the same as the 
wire- wound system, so long advocated by Professor Longridge, of 
England, and which in principle is eminently sound ; that is, to 
place the strongest metal, or that which will stretch most within 
its elastic limit, as near to the surface of the bore as possible, 
utilizing the principle of varying elasticities as well as that of 
initial tensions. 

If it were possible to place the discs at the surface of the bore 
the strongest possible gun with the metal used would be the result 
A tube is a necessity, however, to allow for the rifling and also to 
prevent the gas from entering between the discs. Each disc is 
rolled cold from a block of high grade steel, the block being 
thicker in the middle than at the outside edges, and the effect of 
the cold rolling, aside from the working of the steel, is to produce 
a state of initial compression of the interior layers and an initial 
tension of the exterior layers of the metal in each disc. The same 
condition is thus produced in a solid state in each disc as must 
exist in a coil of wire in a wire gun, with the advantage that there 
are no wire ends to secure, and the difficulty of securing the proper 
tension of winding for each layer of wire is avoided. 

This gun is essentially a weapon designed for high pressures, 
such as are obtainable with smokeless powders, and is in the line 
of the rational development of the power of the gun. It is 
thought also that the gun can be built as cheaply as guns of the 
present design, and certainly the mechanical features seem to offer 
no difficulties. The weight of the gun, as compared to the present 
built-up gun, is not greater than the latter, calibre for calibre. 
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The subject of this paper is, no doubt, of special interest to a 
large number of the members of the Royal United Service Institu- 
tion and to naval officers generally, and also, judging from several 
published criticisms, would appear to have some attraction outside 
the Royal Navy. Under these circumstances it may not be out of 
place, and not without some value, to offer some remarks for dis- 
cussion in this Institution on actual expenditures of coal and 
circumstances connected with its economy. 

In the first place, a brief review will be made of the nature of 
the services performed by a man-of-war for which coal is con- 
sumed, and its effect on the accuracy of measuring those services 
and the amount of coal expended for their performance. 

It is a matter of common knowledge that these services are of a 
much more varied and irregular character than those performed 
by merchant steamers. A large first-class battleship, capable of 
developing a maximum I. H. P. of about 13,000 and a speed of 18 
knots, actually on peace duty develops I. H. P.'s which vary from 
9000 to less than 900, and speeds from i6j^ knots to 6 knots. 
When a definite passage is made it is often at a varied speed, and, 
if steaming in company with other vessels, it is necessary for all 
but the leading ship to continually vary the revolutions in order to 
keep station, these variations often taking place several times in 
an hour. The helm also is brought into frequent requisition, 
affecting speed, revolutions and I. H. P. The continuity of a 
passage is also often further interrupted by evolutionary exercises, 
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during which the variation of speed and course is so great that it 
is impossible to measure the propelling performance. 

Besides propulsion there are also several auxiliary services to be 
performed, comprising distillation from sea water for drinking and 
washing purposes, and for making good losses of boiler feed; 
lighting the ship internally by electricity ; pumping water from 
sea for sanitary and cleaning purposes, from double bottoms, 
bilges and drain receptacles ; ventilating and steering ship ; com- 
pressing air for torpedo work ; working guns by hydraulic power; 
hoisting purposes and driving capstans, all of which, besides 
forming a varied series, are each in themselves of a more or less 
irregular character. 

As regards propulsion, the variation described renders it extremely 
difficult to accurately calculate the average power developed. 
When the revolutions are subject to such frequent alteration, the 
indicator diagrams will often be taken either when the revolutions 
are greater or less than the average for the period the diagrams 
cover ; and it is frequently the case that in the interval between 
taking the diagrams from successive cylinders the revolutions will- 
be changed, thus giving not only unfair but inconsistent results. 
The principal sources of accurate data are the comparatively rare 
occasions when the vessels happen to be steaming independently 
over long distances. It must be borne in mind, however, that the 
results so obtained may differ considerably from the results obtained 
when making a passage under the varied conditions noted pre- 
viously, although in the two cases the average speed of passage 
may be the same. When steaming irregularly a very rough 
approximation to the I. H. P. can be obtained by calculating the 
average revolutions per minute, and taking the I. H. P. corre- 
sponding to this as determined on the measured mile trials ; this, 
however, is open to the objection that nothing is allowed for 
differences in the state of the weather and the ship's bottom, which 
circumstances are found to have a considerable effect, the exact 
amount of which is difficult to determine. In some few cases the 
conditions as to weather and bottom may approximate to those 
under which the measured mile trials were made, when fairly 
reliable results as to average I. H. P. may be obtained in this way. 

The amount of work done by the auxiliary engines and appli- 
ances is generally impossible to absolutely measure. Some of 



COAL CONSUMPTION ON SHIPS OF WAR. 421 

these engines are fitted with means for taking indicator diagrams, 
and SO enable the I. H. P. developed at a given time to be calcu- 
lated ; but their work is generally of such an intermittent and 
varied character that this would afford no measure of the average 
I. H. P. developed. A very fair estimate of the services rendered 
by the electric lighting engines and the distillers can, however, be 
otherwise determined, the current generated by the former being 
measurable by electrical appliances, and the water made by the 
latter by the capacity of the tanks into which the fresh water for 
drinking and washing purposes is delivered. The other services, 
are of such a character that they can only be valued by the 
amount of coal they require to perform their usual daily work. 

A few remarks will now be made upon the degree of accuracy 
with which the coal consumed can be measured and apportioned 
to the several services for which it is used. The ordinary method 
of measuring the coal taken out of the bunkers is to fill buckets of 
known capacity and to record or "tally" each as it passes from 
the bunkers into the stokehold; one of these is occasionally 
weighed, both empty and when filled level with the top with coal, 
the difference giving the weight of coal per bucket. Of course this 
system of measuring in detail is open to several sources of error, 
such as when the buckets are not all filled to the same height as 
those which have been weighed, or when every bucket is not 
recorded ; and also any inaccuracy in the weighing machine, or 
from clumsiness in carrying out the operation, will be multiplied 
when the weight so obtained is taken as the standard for several. 
It is customary, in some ships, to allow a small percentage on the 
expenditure so obtained, to avoid a greater quantity being used 
than is recorded ; it is, however, often found that this percentage 
need only be very minute when the staff has been well trained 
in coal tallying, and is made to understand the importance of 
accuracy. 

As a check on this method it is the common practice to measure 
the capacity of the coal in the bunkers ; this being an especially 
accurate method when steaming sufficiently long to have com- 
pletely emptied one or more bunkers after having been filled. Of 
course, for this to be accurate, it is necessary that when the coal is 
taken on board, the bunkers should be evenly trimmed up to the 
deck beams ; this practice, having also the advantage of taking on 
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board the greatest quantity of coal, justifies the extra time taken 
during coaling to insure it being done. 

It has been suggested that Ihe draught of water of the ship 
affords an accurate means of measuring coal expenditure; no 
doubt this would be so if care and trouble were taken to measure 
the quantity consumed of other stores, and if the ship were floating 
I in absolutely smooth water when reading the draught The prac- 
tice is frequently adopted at government coaling depots, the coal- 
ing lighters used there being filled in places where the water is 
generally smooth and the calculations not confused by the weight 
of any other stores. The method is hardly necessary in ships, as 
the two first alluded to should be sufficient to insure a fair degree 
of accuracy. 

It is an important point to apportion the amount of coal used to 
the several services, and in some cases it requires a considerable 
amount of patience and trouble to attain this end. The advantage 
obtained, however, is worth the trouble, as incases of high expen- 
diture it enables the cause to be better traced. 

Several ships, including all the more recent, have either an 

■ auxiliary boiler or one or more of the main boilers specially fitted 

■ for the purpose, which can be connected up only to the usual 
main lead of auxiliary steam-pipe which supplies steam to all the 
auxiliary machinery. Thus the main and auxiliary machinery, 

I although working concurrently, can be worked independently, 

I and the coal expended for each readily determined. The amount 
required for each auxiliary service presents greater complications, 
but can be approximately oblained by having only one at a time 
in operation for a sufficient period to enable the coal used to be 
'properly measured. These individual results added together will 
give a greater total than is obtained when all the auxiliary engines 
are in actual operation together, as the coal required to make- good 
the losses by radiation from the boiler and steam-pipes will have 
been added together several times in the former case, but should 
only be taken account of once. It can be practically determined 
from the above data, and can be further checked, if an oppor- 
tunity occure, by stopping all the engines and noting the coal 

I required to maintain the working pressure in the boiler and steam- 

' pipes. 

When no auxiliary boiler or main boiler specially fitted for sepa- 
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rately supplying the auxiliary services is fitted, the coal required 
for most purposes can be determined when in harbor, and, by 
subtracting an estimate formed on this basis from the total 
expenditure when under way, that for the main engines is 
obtained. 

Another method is to note the difference in the daily expenditure 
under way at low speeds (i) when a particular auxiliary engine is 
at work, (2) when it is stopped, all the other circumstances being 
as nearly as- possible the same in the two cases. As, however, 
the disproportion between the total daily expenditure and that for 
one auxiliary engine is considerable, the trials should be repeated 
three or four times to obtain reliable results. That this system 
can be fairly accurate is proved by the fact that separate similar 
ships have obtained in this way approximately the same expendi- 
tures. A modification of this method is to note the difference 
between the I. H. P. developed in cases (i) and (2) when the daily 
expenditure of coal is the same. Knowing this difference and the 
coal expenditure per I. H. P., an approximate measure of the coal 
required by the auxiliary engine in question may be obtained. 
Special care must be taken in the measurement of the I. H. P., and 
the trials should be repeated three or four times. 

By adopting one or the other or all the above plans, vessels can 
approximate very closely to the expenditure for the main engines 
and to that for the auxiliary engines as a whole or in detail. 

Besides the above expenditures there are also some others which 
it is necessary to distinguish from them to avoid confusing com- 
parisons, and which are, therefore, separately accounted for. 
They include laying fires and raising steam, banking fires, waiting 
orders and steaming when the speed is so variable that no dis- 
tance can be logged, as when at target practice; there is not 
much difficulty, however, in measuring the coal so used with fair 
accuracy. 

Some instances of coal expenditure by warships under certain 
circumstances were given by Admiral Long in his paper on 
Cruisers, read in the early part of this year at the Institution of 
Naval Architects. The following is one of a different character, 
showing a six months' expenditure incurred by a large modern 
battleship on ordinary peace service : 
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Tons. 

Steaming, making good distance 869 

Laying fires, banking fires, steaming when no 

distance is logged, etc 335 

Culinary purposes and warming ship 112 

Distilling for ship and boilers 481 

Electric lighting 544 

Other auxiliary purposes, as steering, pumping, 
working guns and torpedoes, ventilating, 

workshops, etc 211 

These services comprise four short passages of about 70 knots 
each and one of about 500 knots at moderately steady revolutions 
per minute ; one passage of 500 knots at revolutions varying from 
61 to 97 per minute, this including quarterly passage trials ; 14 
days' cruising at from 4 to 1 2 knots over 2000 knots, with occa- 
sional stoppages ; three occasions specially under way for target 
practice; one electric light engine in use constantly throughout 
the whole period, generating a current of from 260 to 410 amperes ; 
a second electric light engine in use occasionally a few hours at a 
time ; 1950 tons of water distilled for ship purposes ; and the usual 
ventilating, pumping and other minor auxiliary machinery in 
daily use. 

During war service the expenditure would probably be much 
increased, but would entirely depend on the service required. If 
called upon to steam long at high rates of speed, the increase 
would be very great, and coaling would have frequently to be 
resorted to. It would also be increased, but not nearly to the same 
extent, if called upon to steam for long periods at a low speed-; as 
this is a very probable demand that will be made, the question is 
considered in some detail later on. 

We now proceed to an analysis of the several services in greater 
detail, and begin with the main engines, whose object is the pro- 
pulsion of the ship. The coal expended and power developed by 
these engines have been determined, in most ships, from definite 
experiments for the purpose, as well as from the ordinary occasions 
on which a steady speed has been maintained. The performance 
in a particular case may be given, that of a large battleship, as 
very full and reliable data have been obtained under definite con- 
ditions, and the engines are representative of a large number of 
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recent construction. The following are the expenditures of coal 
per hour per I. H. P. : 



age of full 
d power. 


Coal 
per I. H. P. 


55 


2.03 lbs. 


28 


1.82 " 


22 


1.93 *' 


14 


1.76 *' 


7 


2.2 



There have been more economical results than these, at some of 
.the powers, from engines of the same type, and also some wors^/ 
the expenditure being materially affected by several circumstances^' 
such as quality of coal, differences in details of construction, and 
differences in management The above figures, however, may be? 
taken as a fair performance under good conditions. 

The engines of the ship in question are of the tri-compounrf 
type, which, in the Royal Navy, is the most advanced type of 
engine. Its principal characteristic is economy of fuel, and its 
adoption has been found to have reduced coal expenditure for 
power both at high and low powers to about an average of 2a 
per cent, below that required by bi-compound engines, and about 
50 per cent less than that required by simple engines. 

The advance of the boilers with regard to the economical gene- 
ration of steam has not kept pace with the engines in the eco- 
nomical use of steam ; their advance has, however, been very 
marked in enabling the high pressures required by the later engines 
to be safely obtained. The old,* roomy, rectangular, low pressure 
boiler of 30 lbs. per sq. in. enabled a large proportion of heating 
surface to be introduced, facilitating the passage of heat from the 
fire to the water, and also large furnaces and combustion cham- 
bers which allowed the fuel to bum completely and give out a 
large proportion of the heat it was capable of generating. The 
cylindrical forms necessitated by high pressures, now up to 155 
lbs. per sq. in. , curtailed to some extent these constructive features, 
and hence there was some falling off in the amount of water 
evaporated by a given quantity of fuel. It has, however, been 
found possible, in some of these boilers, to get a high degree of 
economy. At moderate powers, rough measurements made on 
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board H. M. S. Thunderer showed an evaporation of 9.6 lbs. of 
water per pound of fuel burnt, which was very good Welsh coal. 
There is no doubt, however, that such a result requires both very- 
good coal and careful stoking. The temperature of the feed water 
was about 100® F., and the boiler pressure no lbs. 

To obtain the best results from the steam, it is necessary that 
the cylinders should be steam jacketed. Steam jackets are not only 
of value in this respect to the tri-compound engine, but also to 
the bi-compound and simple engines when even a moderate rate 
of expansion takes place in each cylinder. The fitting is gener- 
ally adopted in the Navy, and consists of an annular chamber, 
enveloping the cylinder into which steam is admitted and main- 
tained at a pressure about equal to the maximum acting inside 
the cylinder itself. This, by imparting heat to the expanding 
steam, aids in reducing the amount of steam liquefied. The benefit 
derived from these fittings depends upon circumstances, but it has 
been clearly shown that the amount of power developed by a 
given expenditure of fuel can be increased 10 per cent, by their 
use. In practice, the pressure in the steam jackets must not be 
so high as to avoid all liquefaction on the cylinder surfaces, as 
these surfaces, when working too dry, require a larger amount of 
oil to keep them efficiently lubricated. The objection to this is 
that a considerable quantity of the oil so used passes with the 
working steam into the feed water, and thence to the boilers, and 
increases the temperature of the heating surfaces. With this limi- 
tation, however, steam jacketing has proved of economical value. 

A very important point, peculiar to the engines of a war-ship, 
is economical working at reduced speeds, and this point will be 
dealt with somewhat fully. The previously mentioned battleship 
averaged, on the runs made during six months, a speed of 8.6 
knots, which is above the average of most other vessels. This 
speed corresponds to an I. H. P. of 1300, smooth water and clean 
bottom ; the actual average I. H. P. would be greater than this 
on general service. The ''ordinary speed" of such a vessel is 
9^ knots, corresponding to 1800 I. H. P., and the most eco- 
nomical speed would probably be near 7 knots, 900 I. H P. 

The low average speed is partly the consequence of the greater 
distance made good per ton of coal at low speeds than at high 
speeds, and partly because the nature of the general service does 
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not demand a high speed. The cause of the increased economy 
for distance at low speeds is, no doubt, well understood, and all 
that need be done here is to draw attention to some of the sea 
speeds and consumptions determined at sea in the battleship in 
question, and which are as follows : • 



I. H. P. 


Speed. 


Revolutions 
per minute. 


Coal per day, 
tons. 


Knots per ton 
of coal. 


7,220 


13.66 


^z^(> 


157.5 


2.08 


3,600 


10.9 


68.1 


70.4 


3.7 


2,870 


9.92 


62.0 


59.6. 


4.0 


1,810 


8.96 


54.2 


34.3 


6.2 


900 


6.7J 


41.2 • 


21.6 


7.5 



The knots made good per ton of coal show the superiority of 
the lower speeds in economy of fuel, this arising from the high 
rate at which the power increases in comparison with the increase 
of speed. 

An important point in connection with this question is that if 
the speed be reduced below a certain point the distance covered 
by the expenditure of a ton of coal decreases. The speed at which 
this change takes place is termed the "most economical speed," 
and is of service when the chief consideration is to steam the 
greatest distance for a given quantity of coal. It is always a very 
low speed ; is rarely higher than that corresponding to 1 2 per 
-cent, of the full forced-draught I. H. P., and in some vessels 
which have a very large proportion of power for their displacement 
the I. H. P. for most economical speed is a much lower proportion. 

The nature of this speed and the circumstances affecting it can 
hest be examined by means of a diagram, which is given in 
Fig. I. The horizontal line O-X" represents the speed in knots per 
hour on the number of revolutions made by the engines per 
minute ; the vertical line, quantity of coal expended in tons per 
day ; the curve AE represents the expenditure of coal per day 
for any particular number of revolutions or speed. To construct 
this curve a number of actual runs must be made at various 
speeds, and the coal expenditure carefully measured in each case ; 
the points representing the results are plotted off on the diagram, 
and a fair curve drawn through them. It will be found that a 
peculiarity of this curve is that if produced to the zero speed it will 
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cut the line OJT at some point, C, some distance from O, the dis- 
tance OC representing the expenditure necessary to counteract 
the effects of radiation of heat from engines and boilers. The 
most economical speed and the consumption are represented by 
the point I^, w;Jiere the tangent drawn from O touches the curve 
AI^, OD representing the speed and DE the consumption. That 
this is so follows from the consideration that the most economical 

speed must be that where -^^^^ or — -. is least. This value 

DO speed 

is constant for all points on the line OE, and is greater for all 
points above OE ; that is, all other points on the curve AE repre- 
sent a higher consumption .for distance than the point E, One 
value of this method is that it is readily seen that for a wide range 
of speed about E the increase in expenditure is very trifling, the 
present figure showing that the speed may range from 30 to 60 
revolutions, or 4 knots to 7j^ knots, without any considerable . 
variation in the economy. In practice, it will generally be more 
desirable to steam at the higher speed, viz., 7^ knots in the case 
considered, and this may be done without incurring any appreci- 
able waste of fuel. The most economical speed varies with 
altered circumstances of weather, but when a series has been 
obtained under definite similar conditions they may be plotted out 
in the same way. 

Also, in cases where it is necessary, with a given amount of 
coal on board, to steam the gfreatest distance with it, the coal used 
for the necessary auxiliary services must be taken into account, 
and can be represented on the diagram by drawing a line, 
distant OY, equal to the auxiliary expenditure per day. The 
**most economical speed" must be obtained by drawing the 
tangent to AE through the point JT, which gives a speed greater 
than that obtained when the auxiliary services are not taken into 
account. 

If this coal curve be closely examined in comparison with the 
I. H. P. curve, one or two important points will be noticed. 
Starting from the higher speeds, the I. H. P. curve falls rapidly as 
the speeds decrease until low speeds are reached, when the fall 
is less rapid, and at very low speeds indeed approach the direct 
proportion to the speeds as the influence of the constant engine 
friction becomes predominant. At high and moderate speeds, the 
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coal curve approximates to the power curve, but falls less rapidly 
at the lower speeds, being affected by the amount of steam neces- 
sary to overcome the back pressure on the low pressure pistons 
and by the heat lost by radiation, the former being practically 
constant at all speeds and the latter constant if the same number 
of boilers be in use. These two sources of waste play an import- 
ant part in increasing the quantity of steam used per I. H. P. at 
low speeds. 

To reduce the rate of this increase as much as possible is one 
of the considerations that has led to the adoption of a lower ratio 
of volumes of the low and high pressure cylinders than is the 
practice in the merchant service, although this entails some sacri- 
fice of economy at the higher speeds. The case quoted will show 
that a high degree of economy at even very low powers can be 
obtained from such engines. The proportion of cylinder volumes 
adopted for tri-compound engines of war-ships averages, about, 
high pressure, i; intermediate pressure, 2^; low pressure, 5; 
while for similar engines of merchant ships it is not infrequently 

h 2|, 7. 

To obtain the best results at low powers, it is most essential that 
the reduction of the power should be obtained, as far as possible, 
by increasing the rate of expansion, thus supplying the steam to 
the high pressure cylinder at a high pressure and cutting off the 
supply at an earlier part of the piston's stroke ; the jacket pres- 
sures, within the limits already referred to, being so adjusted as to 
avoid unnecessary liquefaction. When steam at the full boiler 
pressure is admitted to the cylinder and the earliest practicable 
cut-off employed, the engines still develop a comparatively high 
power, and any further reduction must be effected by throttling 
the steam or reducing the pressure in the boilers. The latter is 
the preferable plan, but cannot be reduced below that necessary 
to promptly handle the main engines and to work the auxiliary 
entwines. 

As an illustration of how the advantages peculiar to a more 
advanced type of engine may be lost, the indicator diagrams in 
Fig. 2 are given. These are combined in the simplest way for the 
sake of a more ready comparison, and represent one set of three 
from a tri-compound engine, 130 lbs. boiler pressure, and one set 
of two from a bi-compound engine, 60 lbs. boiler pressure, both 
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engines working at about 60 per cent of their natural draught 
power, The difference between them is chiefly that a much later 
cut-iiff in the high pressure engine was adopted with the tri-com- 
pound engine, resulting in reducing the total ratio of expansion to 
less than in the bi-compound engine ; there are also evidences of 
greater liquefaction. The tri-compound area, which represents the 
work done per stroke, is rather greater than that of the bi-com- 
pound; but the quantity of steam used, as indicated on the dia- 
grams, is also as much greater as to make the economy of steam 
practically the same in each case, while the actual consumption 
of fuel per I. H. P. was slightly greater with the tri-compound. 
This engine, when worked with an earlier cut-off and steam in the 
cylinder jackets, has a substantial advantage in economy over the 
particular bi-compound engine referred to. 

In the Blake and Blenheim, whose engines are designed to 
r develop exceptionally high powers, special arrangements have 
been made to keep down the coal expenditure at very low powers, 
and consists, as is generally known, in fitting two separate sets of 
engines to each of the two propeller shafts. In peace-lime, it was 
intended that the forward engines should be disconnected, and the 
two after ones alone used. Thus, when steaming at a compara- 
tively low rate of speed with the after engine only, the proportion 
of the corresponding I. H. P. to the full power would be half what 
jt would be if all the engines were in use. From experience with 
the Blake under the two conditions, the consequent reduction in 
coal expenditure per knot at 9.6 knots has proved to be substantial. 
In some ships the maximum power of the engines during peace 
service has been reduced by fitting a special slide valve with 
increased lap to the high pressure engines, the eccentrics being 
suitably adjusted. This arrangement has only been applied to 
some recent ships, and suificient experience has not yet been 
obtained to show the eifect on the economy of steam. 

With regard to adapting the boilers to low speed steaming, the 
subdivision into several boilers, necessary in most ships from other 
considerations, enables the boiler power to be properly propor- 
tioned over a large range to the actual power to be developed by 
I the engines. The usual conditions of men-of-war steaming, how- 
l ever, render it generally necessary to have steam up in a greaier 
' number of boilers than is required to develop the average I. H. P. 
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economically, as the variation in revolutions and auxiliary work 
above referred to demands that steam should be quickly available 
for the maximum requirements. This not only increases the waste 
arising from radiation, but also from the irregular firing necessary 
to meet the varying demands of the engines. 

When the number of boilers in use is much above the average 
requirements of the engines, and the maximum is not wanted to be 
exerted too suddenly, recourse is frequently had to the reduction 
of the grate area. This, by increasing the proportion of heating 
surface to grate area, and by affording a larger space for the com- 
bustion of the coal gases, tends to greater economy. This reduc- 
tion of grate can be readily effected by allowing the back bars to 
become cUnkered over, or, in some cases, the service renders it 
possible to brick over these bars; vertical plates have also been 
used, placed in the ash pits transversely so as to prevent air hav- 
ing access to the length of fire bars behind, and have been found 
to be beneficial in some cases. 

It has often been suggested that, at low^ powers, the use of only 
one engine and screw of a twin-screw ship might be more eco- 
nomical than using both engines. This has been tried by many 
ships, with the result that, down to powers as low as lo per cent 
of the natural draught power, there is no saving of fuel, and often 
a substantial loss. These show that the faUing off in speed caused 
by the resistance of the rudder and idle screw is so great as to 
I more than coualeract the increased eflSciency produced by develop- 
I ing the whole of the power in one engine, and the reduced waste 
caused by the elimination of the engine resistance and back pres- 
sure of the engine which is stopped. In most of the trials the idle 
screws were not disconnected from the engines, but, if they had 
been, there is sufficient experience to make it probable that they 
I would not have revolved at that power, and the practice is also 
I open lo the strong objection that the control of the ship is seriously 
impaired. An average result from a battleship may be quoted, 
where the one-tenth I. H. P. was 900, the speed with two screws 
6,8 knots, the speed with one screw 5.3 knots, the distance made 
good per ton of coal with two screws -j^i knots, and that for one 
screw 5^ knots. The percentage of loss was therefore 30, and 
a reduced speed of 1^ knots into the bargain. At higher speeds 
the single screw method is still more unfavorable. 
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There have been a few cases where some economy has been 
' obtained at from 3 to 5 per cent, of the natural draught power, due 
apparently to the circumstance that at extremely low powers the 
inefficiency of the engines rapidly increases. The corresponding- 
speed is, however, so low that it may be doubted whether it would 
prove of any practical value. Even at these low powers it would 
appear that the economy is largely dependent upon conditions of 
weather, and if economy were proved in a given ship under certain 
circumstances, it would probably disappear if the circumstances 
were even slightly altered. 

A proposal has been made to disconnect the L. P. cylinder of a 
triple-expansion engine at low powers, and thus develop a higher 
proportion of full power, say 3a per cent, in a bi-compound engine 
of cylinder ratio 2'/i:\, instead of 20 per cent, in a tri-compound 
engine of double that ratio. This proposal is based, however, on 
the supposition that the loss of efficiency of tri-compound engines 
is very great at low powers ; but experience generally in the navy 
engines, including the example already quoted, shows that, over 
a wide range of power, this is not the case ; and that the coal 
expended per I. H. P. when using all three cylinders is materially 
below that of a bi-compuund engine having a comparatively low 
ratio of cylinders, although the low pow^er developed is in a some- 
what higher proportion to the full power in the latter case than in 
the former. This difference in coal per I. H. P., in favor of work- 
ing wilh three cylinders, is also found to be sufficient to counter- 
act the loss sustained by the engine friction of the L. P. cylinder, 
and thus leads to the conclusion that no economical advantage is 
to be gained by the adoption of the proposal under consideration. 

An instance of some interest may be given, although it only 
indirectly bears upon the question. It is, however, a case where 
a comparatively low power was developed with a cylinder ratio 
reduced to half the total ratio of the complete engine. The vessel 
referred (o had bi-compound engines of the three- cylinder type, one 
H, P. and two L. P., the total ratio of volumes being 3.72:1. One 
of the L. P. engines became disabled, and the ship steamed 6000 
knots at about j^ power with only one H. P. and one L. P. cylin- 
der, the ratios being then 1,86 r i. The practical result was a coal- 
expenditure per hour per I. H. P. of 3.5 lbs. against 2.4 lbs. when 
all cylinders were in use, developing the same power. Indicator 
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-diagrams to show the distribution of steam when using two cylin- 
ders are gpiven in Fig. 3, and also, for comparison, a set when 
using about the same quantity of steam per stroke when all 
engines were in use. These show that part of the increased coal 
expenditure was due to increase of back pressure, due apparently 
in some measure to the whole of the steam entering at one end of 
the condenser ; but, making an allowance for this, the expenditure 
of steam was much greater than when using the whole of the 
engines. 

The coal expenditure for auxiliary purposes is a very material 
item in war-ships compared with the quantity used for propulsion. 
In the course of a year the larger modern ships generally bum as 
much (or more) for the first as the last ; this is partly absolute, on 
account of the increase in the number of auxiliary services for 
which coal is used, and partly relative, on account of the low 
average speed and time under way, as compared with a merchant 
steamer. The proportion becomes considerably lessened in the 
case of a passage at a fairly high power, say at half the full power, 
the proportion between the coal for auxiliary services and that for 
propulsion being then about 9 per cent. 

To afford an idea of the magnitude of the auxiliary engines on 
board a modem ship, it may be stated that on one of the most 
important there are 58 distinct engines, not including boat engines, 
the I. H. P. amounting in the aggregate to quite 2,000. This, if 
continuously developed, would mean an enormous expenditure 
and considerably beyond what is actually incurred. As a matter 
of fact, several of these engines are only duplicates of others, and 
would not be used at the same time with them ; and many are 
only used intermittently. 

It should be mentioned here that the auxiliary engines here 
referred to are only those which are used for purposes distinct 
from propulsion. The coal expenditure for such engines as the 
main circulating engines, main feed engines, and starting engines 
is included with that for propulsion. Many of the auxiliary 
engines do not lend themselves to economical working, as some 
are necessarily so far removed from the source of steam that con- 
siderable condensation takes place in transit, also they receive 
their steam supply at a reduced pressure and exhaust it against a 
comparatively high pressure. The work of some is of such a 
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character that it is impossible to employ any material degree of | 
expansion or to compounJ Ihe cylinders. To obtam the greatest j 
economy possible, those which can be so treated are compounded, 
and also a separate auxiliary boiler is fitted where one of the main I 
boilers is too large for the work ; or. in some cases where the ] 
main boilers are of the double-ended type, for one of these, two J 
single-ended boilers have been substituted. 

The electric light engines deserve special consideration, as one<| 
or more -are ill use in many ships practically al! the year round, 
and necessitate, consequently, a considerable total expenditure of 1 
coal, These are now made, and have been for some years past, [ 
on the compound principle, and a very early cut-off employed i 
the high pressure cylinders, thus allowing of a high total rate of 
expansion. Every engine is tried carefully at a government dock- 
yard to determine the quantity of steam ^t consumes, and a certain 
standard of economy must be attained. These trials afford some I 
useful facts as to their consumption under the trial conditions, but, ' 
as will be supposed, this will be subject to some modification I 
when in use on board ship. On these trials no account is taken j 
of the steam used by the feed pump, or of the condensation which I 
takes place in long leads of steam pipe, nor of the amount of coal i 
used when fires are cleaned. With regard to the condensation in | 
steam pipes, it is found on the trials on shore of the electric light I 
engines that an amount of water is collected at the engine end o£l 
the supply pipe to the extent of 7 to 13 per cent of the total steam I 
used, although the length of pipe is comparatively short and ia | 
well lagged. 

A case of the expenditures on board a battleship and on trial ic I 
the dockyard may be quoted ; the steam consumption on trial I 
was found to be for one electric light engine generating a current ' 
of 400 amperes such as to require a daily expenditure of 2.6 tons 
of Welsh coal of good average quality. The reported expenditure 
from the ship is 3 tons per day ; and the number of lights in use 
such as to require from one-half to the full power of one engine. 
The case of theWarspite, 8400 tons displacement, especially men- 
tioned by Admiral Long in his recent paper, showed an expendi- 
ture for lighting on passage out to her station of over 4 tons per 
day. This amount was perhaps larger than that really used, 
insufficient opportunities having occured to enable it to be 1 
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lately determined. Later results showed an expenditure of about 
3 tons and less per day, a reduction probably assisted by economy 
in the number of lights and length of time in use. The reduced 
expenditure, however, does not appear excessive when it is con- 
sidered that the engines are of the simple type. 

Distillation of sea water is also an important item of coal 
expenditure. On a large ship fresh water is often required to the 
extent of about i a tons per day for drinking, cooking and washing, 
and about % ton of water per ton of coal burnt in the boilers to 
make up losses of steam and water from the boilers, engines, 
pipes, joints, valves, etc. Both of theae amounts are of a very 
elastic nature, and in many cases it has been found possible to 
materially reduce them below these figures. When direct distilla- 
tion from the boilers was employed, as in the older ships, a very 
fair return was obtained for i ton of coal, averaging about 7j^ to 
8 tons of fresh water. When, to avoid large quantities of scale 
being deposited in the boilers, double distillers were adopted, the 
quantity of fresh water obtained for i ton of coal w^as reduced to 
about 5 to 5J^, the loss resulting principally from condensation of 
primary steam on its way to the evaporator and to the high tem- 
perature it possessed when escaping as water from the evaporator. 
Compound double distillers were tried and found to result in a con- 
siderable gain in the quantity of water produced for a given expen- 
diture of fuel, and in recent ships a pair of double distillers is so 
fitted that they may be worked in this way. It is arranged, how- 
ever, that each distiller can be worked separately when urgency 
requires the greatest output to be made. It may be said here, in 
connection with this point, that it not infrequently happens that 
economy of fuel and economy of weight and space do not go 
together, and hence, in a man-of-war, where economy of weight 
and space is of such importance, economy of fuel must often to 
some extent be sacrificed. 

Under some circumstances of naval work, economy of coal may 
be of such importance that, beyond working the machinery so as 
to fulfil its services with the least expenditure of coal, it may be 
desirable and possible to dispense with some of them altogether. 
The character of the work must determine which of thtm can be 
dispensed with, but those which appear to lend themselves to this 
are the steering and electric lighting engines. Both of th 
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up considerable quantities of coal, which can be saved for other 
purposes by steering with the hand gear and using oil and candles 
for lighting purposes. 

The exact advantage to be gained by this course depends upon 
the service, and is greater the slower the rate of speed. A large 
cruiser, say, carries looo tons of coal ; at lo knots speed under 
good conditions this will carry her, with all the ordinary auxiliary 
purposes in use, about 7700 knots ; if the steam steering and elec- 
tric lighting engines be stopped, she will be able to cover about 
Syoo knots, a gain in distance of 1000 knots, or ^th more. At a 
high power, say, 60 per cent of the natural draught, she may 
steam about 3000 knots in the one case, and 3100 in the other, the 
gain in distance being only 100 knots or ^th more. 

Before concluding this paper, the progress of the coal question 
may be illustrated by gpiving some particulars of the passage of 
three vessels, fitted with progressive types of machinery, out to the 
same distant station. The first had simple engines and very little 
auxiliary machinery, and steamed the distance of 7082 knots at an 
average speed of 5.5 knots; 1575 knots were made under steam 
only, 5071 under steam and sail, and 436 under sail only ; the 
total coal expenditure was 1046 tons. The effect in this case of 
using sail power when steaming, besides increasing the speed i }4 
knots, was to reduce the coal expenditure per knot to less than 
one-half what it was when the vessel was under steam only. The 
second vessel had bi-compound engines, boiler pressure 90 lbs. 
per sq. in., was fitted with a large amount of auxiliary machinery 
up to modem requirements, and steamed 6985 knots at an average 
speed of 7.7 knots, with a total coal expenditure of 1533 tons; 
this includes a considerable fraction for the main engines for pur- 
poses other than making good distance. The third vessel, a new 
ship, it is estimated from actual experience with similar types of 
engines, triple-compound, 155 lbs. steam pressure, will steam the 
distance of 7000 knots for 1 200 tons of coal at an average speed of 
1254^ knots. To afford an idea of the comparative power to propel 
these ships, it may be stated that the H. P.'s required to drive them 
at 10 knots per hour are respectively 1500, 1500 and 1350, smooth 
water and clean bottoms. 

The first two cases showed a very material reduction in the coal 
expenditure for power developed in favor of the bi-compound 
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engine ; but the total amount of coal went up considerably. This 
ia almost fully accounted forty the facts that she had no help from 
sails, steamed at a higher average speed, and had a greaily 
increased amount of auxiliary machinery in use, The expendi- 
ture for the tri-compound engines should show a still further 
economy for work done, but it is not likely that the total expendi- 
ture will fall below that of the ship fitted with simple engines, on 
account of the very much lai^er amount of work to be performed 
by the machinery. 

A review of some of the remarks in this paper will show that 
much has been done in the construction of the machinery of war- 
ships to enable economy of fuel to be obtained, but that the reali- 
zation of this economy depends materially upon its use and treat- 
ment on actual service. So great is the influence of the latter, 
that improved treatment has been know^n to have nearly doubled 
the radius of action of a vessel that was obtained when the treat- 
ment was not so satisfactory. Some difSculties in the way of 
economical working have been considered, and It has been shown 
that the principal of these can be overcome to such an extent as 
to obtain good results on actual service. Many of these difficul- 
ties are such as to be out of the control of officers in charge of the 
machinery, and it is in these respects that officers in command of 
ships may exercise material influence on coal expenditure, espe- 
cially in such matters as economy in the use of auxiliary services 
and in steady running, and generally in the encouragement of 
those under them to use every effort to keep down expenditure to 
the lowest limit consistent with efficiency. 

The following are some extracts from the discussion : 

Me. WlNGFIELD : I have been very much struck with the ingenuity of 
the diagrams, which are entirely new to me, showing a very simple method 
of finding out from a series of trials the intervals between those experi- 
ments at which the ship would be sleaming at the most economical rate. 
Diagrams are always more satisfactory for taking averages than simple 
arithmetic. You may approximate by an ordinary average, tiut if the 
experiments are reliable, you can get the absolutely correct point by 
means of a diagram, and 1 must Congratulate the author upon the very 
ingenious arrangement that he has hit upon. Mr. Barnaby has just 
informed me that an American engineer, Mr. Mollis, has pointed out 
that there are two speeds at which the same economy is realized, and I 
see this diagram also clearly shows this to be a fact if the ship is not run- 
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ning at precisclj the most economical speed. For instance, if the e 
are running at 2o revolutions, the coal consumption is shown on the 6gure \ 
by E'D' .* A line drawn through O and £' will, if produced, cut the 
curve again at E", which is perpendicularly above 80 revolutions on the 
scale. The author has pointed out that.' at any point on such a line 
as this, you are burning the same coal per nautical mile, hence a given 
distance can be run by the ship whose performance is represented by this 
diagram, with the same weight of coal, whether running at 20 or at 80 
revolutions. That is, the distance will be done in one-fourth the time at 
the higher speed, without any larger expenditure of coal. It is evident. J 
then that, if not quite sure what is the most economical speed, it is belter J 
to err on the fast side rather than on the slow, and, when cruising, orders^ 
should be given to run as near the economical speed as possible, but never 
at a Usf speed unless circumstances require it. Whenever a ship runs at 
a speed less than that of maximum economy, she is wasting time as there 
is another higher speed of equal economy, I think the great importai 

self-evident. The coal per nautical mile=^ ^ — ' 



of this 



s D'E" and Z)"£" are similar, it is evident that, as s 

;11 points, such as E' , E" on the slant line, represent equal weights J 

per nautical mile, or equal radii of action for a given weight of coal bumi.T 

The distance run per ton of coal is, of course, 24-^-^. 

Mr. White : The concluding sentences of this paper sum up the les- 
sons which should be learnt from its study. The paper will be of enor- 
mous value to the service afioat. It is not merely a remarkable collection 
of illustrative examples of causes affecting coal espenditure, but contains 
also very valuable suggestions as to means whereby economies may be 
effected. Mr. Riley has made this matter one of the closest study. The 
paper will be circulated throughout the fleet in the Journal of this Institu- 
tion, and 1 believe that it will lead to considerable practical benefit both 
to the service and outside the service. When we have it shown that by 
means of greater skill or experience in management the radius of action 
for a given coal supply may be doubled, we can see how important it is 
that both officers in command and those in charge of the engine-room 
staff shall know in what direction to work in order to obtain economy. 
Mr. Riley does not make speculative statements, but deals with records of 
fact. In the same ship, at different periods of service, he shows that the 
radius of action has been doubled by savings due to better management 
If I may venture to emphasize the statement made by Mr. Riley, 
. I should wish to dwell upon the increased expenditure which may 
f Involved in rapid variations of speed, or in uncertainty as to speed, o. 
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the extended use of auxiliary services of various kinds. Sensible econo- 
mies in coal may be effected by commanding officers if ihey set themselves 
the task of assisting engineer officers as much as possible. When I was 
afloat in the manceuvres of 1889, I made as close a study as I could of the 
conditions obtaining in a squadron on service. In that division of the 
fleet in whicli I was embarked, when we were at steam tactics at 8 knots, 
every ship had steam ready for at least 10 knots. Sometimes, in watching 
the manceuvres, 1 found ships were moving for a time at as high a speed 
as 13 knots in order to keep station. But the average speed of the tactical 
movements was only 8 knots. Clearly, such a command of steam and 
speed is absolutely necessary when a fleet is performing evolutions. Mr. 
Riley has well pointed out Ihat there are conditions of service when con- 
siderations of economy in coal expenditure must give way to other 
considerations. But when a vessel is proceeding independently on a long 
voyage, by suitable arrangements much may be done in the way of coal 
economy. Take the illustration Mr. Riley gives of what may be done by 
stopping the electric light, or the steam steering. The latter plan, of 
course, involves some more manual labor, but I have been more than once 
on board a battleship which was steered with perfect ease and success in 
making a passage by manual power. To show what can be done, 1 may 
add that in the case of the Blake or Blenheim the ship was steered by hand 
up to a speed of 18 knots. It is much more convenient, no doubt, to have 
one or two men only at a steam steering wheel, rather than many men at 
the hand steering wheel. But if economy of coal in making passages is 
aimed at, then in these, and in many other ways which Mr, Riley has 
hinted at, very much may be done. 

Ad.miral Coi,OMB: There are one or two matters I am reminded of, 
for instance, the economy of using one of two screws. I do not know 
whether Mr. Riley has data to show how the economy of using a single 
screw varies according to the direction of the wind. I do not know how 
it may be with the more recent classes of ships, but with the older classes 
of twin screws that I had to do with it was almost invariably found that 
when the wind blew 3 or 4 points on the bow. the economy of using the 
weather screw rose considerably over what the use of one screw did, for 
instance, when the wind was right ahead. The effect of the change 
of wind in that way was to require the ship, supposing she had been using 
the two screws, to carry rather more weather helm. The use of the single 
strew effected the purpose which so much weather helm did. and the con- 
sequence was that with the single screw you were able lo keep the helm 
more in midships. I hoped that we should have had in the paper some 
remarks on matters which have been a good deal before us recently — 
strongly before us in Lord Brassey's Naval Annual this year. I mean the 
vexed question of the effect of auxiliary services on the radius of action, 
£ompiaints are raised. I do not think myself properly raised, that the 
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radius of action given in the tables represents a greater radius than really 
exists on account of the au»liary engines. But it seems to me that what 
is wanted in the service is some sort of factor, some sort of divisor which 
would discount the figures given, which 1 understand have simply to do 
with the powers of propulsion of the engines without taking anything else 
into account, that if, corresponding to the different classes of ships, some 
discountiog figure could be given, it would be always easy to tell at once 
what amount of deduction must be made from the nominal radius of action. 
I very much agree with Mr. White as to this paper being of the greatest 
possible value to the service. 1 told my friend, on entering, that I had 
read the greater part of it, and that it was a paper which could not pro- 
voke much discussion in this theatre, but that it certainly would provoke 
in the service a great deal of useful thought. I am glad to hear Mr. White 
attack the too great use of machinery on board ship. Where man-power 
is capable of doing the work I cannot help thinking it is very much better 
on board warships that the man-power should do it. 1 used to be made 
very low in my spirits with watching the machinery weighing the anchor 
when there was plenty of man-power to have done it, and the mass of man- 
power was looking on idly at the machine. In the same way with steer- 
ing. It would be belter for the service if machinery should only be used 
for those purposes for which it is absolutely necessary, and that we should 
fall back on the muscular power which we are bound to have on board for 
fighting purposes so far as it can possibly be used. 

Mr. Liversedge, R. N. : I should like to point out a means of testing I 
the accuracy with which coal has been measured. Suppose the H. P. i& I 
constant throughout the trial, then, if a line of coal consumption be plotted " 
of which the "abscissa" is the total time and the "ordinate" the total coal | 
used, the line should be a straight Une ; but if any error has been made i 
counting the number or weight of the buckets it would show itself by a. 
alteration of slope of the straight line. That method has been used by the 
Committee of Mechanical Engineers, and was found useful by them. The 
author gives the result of a special trial in which the consumption 
of coal per H. P. was measured at different percentages of full power. 
Professor Unwin, in a lecture to the Society of Arts, in January, gave- '■ 
curves showing that if the H. P. was decreased by decreasing speed 
or boiler pressure, the consumption per H. P. was increased ; 
reduced power; but if, on the other hand, the power was reduced by 
increasing the expansion the consumption per H.P. decreased. These 
results of the author's seem to fall under the latter head, and this ' 
result of Professor Unwin's would support the view taken by the author 
that the power should be reduced by increasing the expansion. It sho Id 
be noted that the expansion should not be so great that the pressure 
at release in the low pressure cylinder is less than the sum of the 
back pressure together with the friction pressure, The expansion. 
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should not be carried on so far that the pressure at release in the 
low pressure cylinder falls below about 6 lbs,, as Mr. Williams gives 
it, otherwise there will be a loss from excessive expansion. Then, with 
regard to the steam jacket, the committee appointed by the mechanical 
engineers recommended that the jacket should be so adjusted that ihe 
steam at release in the cylinder should be dry, This will agree with the 
author's condition that there should be some moisture on the sides during 
the stroke, since the release will not occur till about o.B to 0.95 of the 
stroke, and up to that point the steam will have contained a certain dimin- 
listure. 



H. S. H. Prince Louis of Battenberg : I should like to make a few 
remarks from the point of view of captain of a ship, and to deal seriatim 
with a few of the hints which were thrown out, more especially as regards 
effecting economy in coal by restricting the expenditure for auxiliary pur- 
poses. I thought the matter over a great deal when I was in command of 
one of those small ships full of engines, and I came to the conclusion that 
really the only point in which you could possibly effect economy was elec- 
tric lighting. Steering by hand is no doubt another point, but it should 
not be forgotten what, to my mind at least, is the chief advantage of steer- 
ing by steam, viz.; the rapidity with which you can put the helm over to 
avoid danger. Under certain conditions, no doubt, you could steer equally 
well by hand, but if you get anywhere within frequented waters, working 
in a squadron or anything of the sort, I do not see how you could possibly 
do it. That and electric lighting are the only two items of expenditure 
which are pretty well permanent and constantly recurring, because, after 
all, the pumping machinery for torpedoes, weighing, stowing anchors, and 
so on, are intermittent. As Admiral Colomb said, as regards weighing 
the anchor, no doubt you would have plenty ot "beef" to do it without 
machinery, but then the question of time comes in. After all, I take it, 
you could do a great many things by hand in a ship : if you have unlimited 
time you have usually plenty of men to do it. In the Dreadnought, we 
could load and trim our turrets by hand ; it would take us about half an 
hour as against five minutes by machinery, and the same argument, I take 
it, applies wherever you use steam. With regard to the question Admiral 
Colomb raised about using one screw with the wind on the bow, I tried it 
and I found it certainly was so. It was the only point where we could use 
one screw, 1 would not say with advantage, but where it appeared to me 
to be really possible to use it. After all, the captain of a ship is rather 
hampered in giving effect to economies in coal consumption, on the lines 
thrown out by Mr. White, for instance. As he rightly said, in the squad- 
ron you must have an excess of speed for tactical purposes and even for 
ordinary station- keeping purposes. But. in these days, the moment you 
are away from the flag there are two conditions ; either you are told to go 
to a certain place at a certain speed, or else you are told to cruise within 
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certain waters at your discretion. Your other instructions tell you that 
when you are cruising you are to use what is called "ordinary speed" 
according to the scale laid down, provided it is not faster than the most 
economical speed; so that in either case you are practically lied down 
by inslructions, apart from the expediency of using your most economical 
speed. I should like to revert again, for a moment, to the question of 
electric lighting. In the Scout, (or example, we were peculiarly situated. 
We were the only ship in the service then fitted with accumulator batteries. 
I was very much in favor of them after we found out how to work them. 
My engineers, however, were not very fond of them, as it gave them a 
great deal of extra trouble. I have never been able to clearly satisfy myself 
that it was more economical to use them as far as the coal consumption 
went Practically it meant a great deal more. In the Mediterranean 
summer cruise, where you frequently anchored for five or six days, she 
was the only ship in the squadron which put the whole of her fires out on 
anchoring, and it affected us more because we had no auxiliary boiler. 
Now, besides being able to keep the boilers cleaner it reduced the tem- 
perature of the whole ship, and conduced to comlort and cleanliness 
generally. Lighting by accumulators could only be done by strictly econ- 
omizing lights ; we made rigid rules as to the use of incandescent lights, 
which worked very successfully.* As regards interna! lighting generally, 
it has always struck me that nowadays, where formerly you burnt a 
purser's dip, you are not satisfied unless you have a 5o-cand!e power 
light. Surely there must be some medium between the two. It is all very 
well turning night inlo day, but you would nowadays turn night into more 
than day itself ever can be. My impression is that the incandescent lights 
are somewhat recklessly used on board ship. It reduces their life and 
means, of course, increased expenditure of coal. That is a point on which, 
I am sure, by strict attention and going carefully into it, coal can be 
economized very largely.f The figures which Mr. Riley gives are quite 
extraordinary, as showing the difTerence in the radius and distance 
with and without the electric light, and they are well worthy of consider- ' 
stion. 
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Admiral Church : My opinion most entirely coincides with what has 
fallen from Prince Louis of Battenberg about the economy made in 
auxiliary engines. There is no doubt that these engines are put into the J 
ships to make them more efficient for the war purposes for which they are I 
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built, and if too much economy is observed in peace-time we should not 
be well up to working those very engines which we should have to use in 
war-time. I think it is absolutely necessary to use these engines in peace- 
time as we shall have to do in war. There is no doubt that in war-time 
the electric lighting of cabins and of the mess-rooms will be dispensed 
with, but I do not see, myself, what other economy in that respect we 
could carry out. 
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PIGEONS FOR SEA SERVICE. 

By Assistant Professor H. Marion, U. S. Naval Academy. 

With an account of their use during the practice cruise of the 

Constellation of i8gS' 

IL 

The practice cruise of the U. S. P. S. Constellation of 1893 
afforded another opportunity for using homing pigeons as messen- 
gers. The experiment proved entirely successful, and the practical 
value of this service for naval purposes was again fully demon- 
strated, as it had been on the two previous cruises of the Constel- 
lation (see Proceedings OF THE U. S. Naval Institute, Nos. 54 and 64). 
The report made on this subject by Commander C. M. Chester, U. 
S. N., from the memorandum prepared by Ensign F. K. Hill, U. S. 
N., who had charge of the matter during the practice cruise of 
1893, states as follows : "Twenty-seven pigeons of various ages, 
and trained up to corresponding lengths of flight (from 20 to 1 50 
miles) were furnished the Constellation from the Naval Academy 
loft when she left Annapolis, the 5th June, 1893. The first neces- 
sity for sending pigeons occurred about 1 2 miles from Annapolis, 
when Thomas Gilkie, seaman, was killed and it was necessary to 
send the body ashore. As speedy delivery was desired, duplicate 
messages were sent by two 1 50-mile birds, telling of the accident, 
and that the body would be sent ashore in the ship's steam launch. 
Later, the weather proving unfavorable, two more 1 50-mile birds 
were sent with a message, asking that the Standish be sent for the 
body. 

"This message was sent at 9.30 A. M., June 7. The Standish 
was alongside a little after noon of the same day, and brought 
back the four birds which had carried the messages. 
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"With these two exceptions, birds were liberated during the 
t cruise down the bay, at distances corresponding to their ages and 
L training. 

"The last birds flown were the fouriso-mile birds brought back 
I to the ship by the Standish. They were liberated June iz, at id 
A. M. Lat 36°5o" N., Long, j^^io" W., and arrived at Annapolis 
early the following morning. 

"One bird carried a message to Captain Phythlan changing the 
objective point of the cruise from Lisbon to Funchal, and request- 
ing that mail be sent to the latter place. 

"Of the twenty-seven birds liberated, but two failed to reach 
Annapolis. Twenty-four messages were taken from birds on their 
arrival, and one was afterwards found in a nest in the cote. As 
one of the Iwo messages which failed to reach Annapolis was a 
duplicate, but one message was really lost" 

Commander Chester states that the result of this work, as shown 
in Mr. Hill's memorandum, was very satisfactory, and says in con- 
clusion : "I believe the adaptability of homing pigeons for naval 
purposes has now passed beyond the experimental stage, and, if 
the government desires to perfect this system of communication, 
it would seem appropriate that the necessary expense of maintain- 
ing the same should not be left to depend upon the subscriptions j 
of individuals, as heretofore. In my opinion, the subject is worthy 1 
of generous consideration." 

Another experiment on a larger scale took place during the recent | 
naval rendezvous in Hampton Roads, when pigeons were liberated ' 
from the Dolphin and the Atlanta, carrying important messages 
from the Secretary of the Navy and others to Annapolis, Washingf- 
ton, Richmond, Philadelphia and other cities, over distances 
ranging from 50 to 300 miles. 

The Annapolis birds of the Naval Academy loft liberated from 
the Dolphin, which had been previously trained, returned ali in 
very good time and the messages forwarded were received on the 
day of liberation. 

The only failures, which were few, were caused by untrained 
birds, furnished from other places, or by the defective manner of 
fastening the message to the bird. They emphasize the necessity of 
previous training and the importance of a systematic organization. 

Homing pigeons were also successfully used as message bearers 
during the recent trial trip of the U. S. S New York. 
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Besides the original cote, No. i, formerly of the U. S. P. S. Con- 
stellation, and now in the Naval Academy loft, there are three 
cotes on board U. S. vessels of war ; namely, No. 2, on board the 
U. S. armored cruiser New York, now in the harbor of Rio, Brazil 
(which was donated by the late Geo. W. Childs, and is complete 
in all its parts), No. 3, on board the U. S. S. Bancroft, now at the 
Naval Academy, Annapolis, and No. 4, on board the U. S. S. 
Monocacy, at present in the Yang-Tse River, China. This last 
has been recently established by Lieutenant A. L. Hall, on the 
model of the Constellation's cote. 

All the principal European powers have now a well organized 
messenger pigeon service for both military and naval purposes, 
in most cases under the direct control of the government Canada 
has been of late very active in establishing new messenger pigeon 
stations along the Atlantic coast, and efforts are now being made * 
to connect Sable Island with Halifax by pigeon post (a distance of 
about 1 50 miles) with a view to signal shipwrecks in the vicinity 
of the island and receive rapid communications from vessels 
cruising between these stations. 

Recent experiments abroad, as well as in the United States have 
demonstrated the fkct that well trained birds can be relied upon to 
carry messages from ships to shore when no other means of rapid 
communication are available and will result, it is hoped, in the 
establishment of a naval messenger pigeon service in the United 
States (as advocated in No. 64 of the Proceedings) similar to those 
existing in the European navies. 

* Since sending the above to press the writer has received a communication 
from the Minister of Marine and Fisheries of Canada, stating that a report has 
been received from Captain Dopping Hepenstal, R. £., Supt. of Signals at 
Halifax citadel, informing the Department that the proposed line of commu- 
nication by pigeon post between Sable Island and Halifax (distance about 150 
miles) has been successfully established. 
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VELOCITY OF COMBUSTION OF AN EXPLOSIVE UNDER 

VARIABLE PRESSURE. 

By Lieutenant J. H. Glennon, U. S. N. 
[From Interior Ballistics^ 



Let MN (see Figure) represent the burning surface of a powder 
grain (smokeless or otherwise). From this, as shown in the 
figure, issues a stream of powder-gas normally. Denote the 

pressure of the powder-gas at the 

instant of formation by F, and 

■£ 1 the pressure of the gaseous sur- 

: rounding medium, outside the 

y issuing streams of gas by P, 
Also placed equal to the varying 
pressure in the stream, and p 
equal to the variable mass of unit volume, in it Suppose the 
cross-section of the stream to be unity, and assume anywhere in 
it a lamina of thickness ds and at right angles to it. The measure 
of dp, the accelerating force of the lamina, will be (mass X accele- 
ration) 

dV VdV 

dp = — pds = —=— pd$ = pVdV. 



The transformation being adiabatic. 



I i. 



p = kp^ and p=-^pn ; 

1^ 

.-. VdV=kip ndp. 

The initial velocity of the issuing gas is o, and we will denote 
the final velocity by J^ . 
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Integrating between proper limits, combining constants in one 
when possible, and remembering that the velocity increases as the 
pressure decreases, 

f""' VdV=k^ C^p'^dp, or V^ = k2rF^~^ — P'''^^ ; 



... V, = k.}rF^ — P^^^. 



This is the velocity with which the gas passes a point in the 
stream where the pressure is P. The mass of unit volume of the 
gas at the same time will be determined by 

1 

and the mass of gas that flows past the above point in unit of 
time will be 



1 ^ n— 1 n— I x 1 

PiV^=iriP~^ Cf'^ —p~ y . 



But if the density of the powder grain is constant the mass of gas 
formed, which will be the same as that which passes any point, 
will be proportional to the velocity of combustion. We may, 
therefore, write for the velocity of combustion, 

1 ^ n— 1 n— I x 1 

V=irpn fF~^—p~^y (i) 

If F could be increased the velocity of combustion might be 
increased indefinitely. If P is constant, we know that V* is ; 
therefore F is constant. The surface of the powder grain next the 
heated gas is evidently in a state of unstable equilibrium, held in 
check by the pressure, and if the pressure on the surface is too 
great, it will remain in that state. As the pressure is lessened 
by expansion of the gas, the reaction already begun on the surface 
is completed and gas is again produced, raising the pressure till 
again too great, stopping the reaction as before, and so on. 

In order to keep the mass of gas flowing past a fixed point in 
the stream constant, the density of the power being variable, the 
** velocity of combustion must vary inversely as the density." 
This law was first enunciated, as the result of experiment, by 
General Piobert 
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If P is very small as compared with F, we may assume the 
quantity in parentheses in (i) as constant (dropping the last term) 
and write 

or, substituting for n its value 1.4, 

This agrees with the experiments of M. de Saint Robert. He 
filled a lead tube with gunpowder, drawing the tube out and cut- 
ting it into equal lengths. These lengths were burned at different 
altitudes above the sea. From these experiments, M. de Saint 
Robert concluded that the velocity of combustion of gunpowder 
varied as the Yi power of the pressure of the surrounding medium. 
Captain Castan verified the increase of velocity of combustion 
with pressure by means of a tube containing powder and having 
a hole for escape of the gas. By changing the size of the' hole 
he changed the pressure. 

As P begins to be appreciable comparatively with F, the quantity 
in parentheses may be represented approximately by the product 
of a constant and a small negative power of P. This power increas- 
ing (negatively) is still quite small for the pressures employed in 
guns. As a sufficient approximation we may, therefore, employ a 
principle which is undoubtedly the result of the closest observa- 
tion, that of M. Sarrau, namely : The velocity of combustion of 
gunpowder (in guns) varies as the square root of the pressure of 
the surrounding medium. That is, 

y=kP^ (2) 

It may be noted in the deduction of (i) that no account is taken 
of the non-gaseous residue of gunpowder. The close agreement 
of the formula with M. de Saint Robert's experiments, however, 
seems to indicate that the consideration of the residue would effect 
a needless complication of the subject. Moreover, this considera- 
tion would be impossible unless the residue were supposed formed 
in its entirety at the instant of combustion, and there is no real 
reason to suppose that it is not a result of expansion. 

For smokeless powder, and for other explosives leaving no 
residue, in process of combustion as distinguished from detona- 
tion, the above equations should hold with exactness. 
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No apology seems necessary for transferring to our pages from 
the columns of the London Times and Fortnightly Review the following 
articles, the first two suggested by the anniversary of the battle of 
Trafalgar. The first, a letter from *' A Student of Naval History," 
points to two lessons to be drawn from that battle ; "his (Nelson's) 
legacy to us," he observes, "is, that strategic and tactical study is 
that with which, above all things, a naval officer should occupy 
himself." The other lesson is that "the sea-trained fleet, weaker 
in numbers as it was, not only defeated, but crushed the harbor- 
trained fleet." 

The second article is an editorial of the Times, in which the writ- 
ings of an officer of our own navy, Captain A. T. Mahan, are 
alluded to in such high terms of commendation, that we take equal 
pleasure and pride in reproducing them for the benefit of those of 
our readers to whom the English papers may not be accessible. 

The editorial, it will be observed, was called forth by the letter 
already referred to. After alluding to "Sea Power," as "having 
effected a revolution in the study of naval history," it goes on to 
say that "it is not difficult to trace the influence of this writer's 
teachings in the letter of "A Student of Naval History." If imita- 
tion be the highest form of flattery to a member of the profession, 
we have here a compound compliment well worthy of permanent 
record in these pages. 

The success that has attended Captain Mahan's labors as a lecturer 
on naval history, suggests the thought that there may be, and 
probably are, other naval officers who would achieve a like success 
in other branches of professional research if the way were only 
opened to them. — Editor. 
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THE ANNIVERSARY OF TRAFALGAR, 
[Lfiutait Timts. Oct. 21. 1893.] 

To-morrow (Saturday, October ii) will be the anniversary 
Trafalgar. The reflections to which the recurrence of the day gives'^ 
rise may lead us to consider the lessons which that great victory 
teaches. The intensely dramatic nature of the combat so dazzles 
us that it is not always easy to distinguish its real significance. 
The shatlering in less than two hours — between 1 2. zo p. m. and 
2 p. m., in which interval the action was practically decided — of 
the great fabric of belligerent policy which Napoleon had for yeais 
been laboriously trying to construct is by itself at most enough to 
monopolize our whole power of attention. The catastrophe was 
as awful as any that the tragedians of antiquity ascribed to the 
intervention of the gods. The tremendous interest of the tragedy 
is immensely augment-ed by its inseparable connection with the 
death of the most romantic personage in modem history. To our 
fathers of 1 805 the result of Trafalgar seemed only the frustration — 
for a long time if not for ever- — of Napoleon's long-cherished project 
of invading England. We who live now can see that the conse- 
quences were of far wider reach. We know that the victory 
of October 21 permitted the development of the British Empire as 
it is at this minute ; that it put the extension of British rule in India 
above the power of any European rival to hinder it ; that it si 
the maintenance of that rule ; that it rendered possible the 
ual rise of great English communities in southern seas ; and thai 
it was the parent of a vast expansion of our ocean commerce, 
this may be of mere historical interest ; but Trafalgar teaches us 
least two lessons which are worth learning at the present day. 

The beaten fleet was larger; its ships, compared with those 
corresponding class, were bigger; its guns were heavier; 
weapons generally were superior ; its crews were numericall] 
stronger than the British. It had just left port, where it had lain 
for many weeks in the neighborhood of a great naval arsenal. 
Though every want may not have been supplied and every defect 
may not have been made good, the French and Spanish ships had 
had at their disposal equipment resources far exceeding in abund-| 
ance those to which Nelson's were restricted. That there was noj 
inferiority in courage on the part of our antagonists was proved by 
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many incidents. To take a single one, the devoted gallantry of 
Captain Lucas and the crew of the Redoutable, which did not sur- 
render till five-sixths of her officers and men had been killed and 
wounded, has never been surpassed in any navy. Why was it, 
then, that we were able to inflict upon our enemy so crushing a 
defeat f In the answer to this question are contained the two les- 
sons which the battle teaches. 

The British Admiral was an industrious student of strategy and 
tactics. 

If there was ever an officer to whom the study of these subjects 
might seem unnecessary, assuredly it was Nelson. Never in any 
commander have the strategic faculty and the tactical faculty — by 
no means necessarily compatible— been so conspicioualy united as 
they were in him. His extraordinary tactical gift had been dis- 
played at St. Vincent. His equally extraordinary strategical gift 
had been displayed in the Baltic when he discerned the main 
objective and urged his chief to strike at it first and leave the 
secondary to be dealt with afterwards. It was made still more 
clearly apparent in his favorite maxim that the British fleet should 
always try to keep touch of and as close as it could to the fleet of 
the enemy. Gifted as he was, he still made strategy and tactics 
his study. To the closeness of this study was owiiig in no small 
degree the remarkable lucidity of his written explanations of his 
method of fighting. Speaking of the celebrated memorandum of 
October 9, Professor Laughton says, "No clearer exposition of 
tactical principles was ever penned." On questions of mere 
materiel Nelson, like all great commanders, thought little. The 
enormous dimensions of the Santissiraa Trinidad, the comparatively 
great weight of the enemy's shot, had for him far less importance 
than the enemy's strategy, tactical formations, intentions, and 
mode of engaging. His genius told him that to beat a powerful 
enemy you must understand Ihe strategic requirements of the cam- 
paign and the tactical requirements of the battle. His legacy to os 
is, that strategic and tactical study is that with which, above all 
things, a navy officer should occupy himself. 

The other lesson to be learned from Trafalgar is this — the 
weaker sea-trained fleet beat the more powerful harbor-trained 
fleet. 
■The French and Spanish navies of 1805 were almost as strictly 
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harbor-trained forces as any navy of the present day. This y 
not voluntary on their part. Tlie activity of our fleet enforced it ^ 

on ihem. A frequent occupation of the watching British ships was 
to stand close in and look on at the harbor exercises sedulously 
carried out in the waters of Brest and Toulon. The time that the 
officers of our enemy's fleet could not devote to gaining sea J 
experience was devoted to scholastic study and many non-naval I 
exercises. In one or other of these some attained a high degree ' 
of proficiency. There were probably as many trained mathema- 
ticians in one of ViUeneuve's ships as there were in the whole of 
Nelson's fleet. Whilst dozens of officers in the former could have 
named the supposed curve followed by a cannon-ball in its flight, 
in the British fleet there was probably not one — unless it were a J 
chaplain — who had ever heard of the appellation. In barrack- 
square drill and in mimicry of the less useful evolutions of infantry 
soldiers the enemy's seamen were, no doubt, immeasurably 
superior to those who fought under Nelson's flag. The sight of 
young officers struggling for "marks" in class-rooms, as though 
they were scholars of a provincial grammar school or training col- 
lege, was familiar enough in Continental ports. Familiar, too, 
was the imposition on naval officers of a scholastic course impart- 
ing a faint and to-be-speedily forgotten smattering of mathematics, 
and a fainter smattering of natural science, suitable for those who 
aspire to posts of ushers in schools of the less efficient class. For- 
tunately for F.ngland, it was not on her own but on the enemy's 1 
officers that this course was imposed. This, then, is the second of I 
the two lessons of Trafalgar — the sea-trained fleet, weak in num-l 
bers as it was, not only defeated but crushed the harbor-trained] 
fleet Your obedient servant, 

A Student of Naval History. 
Oclober zo, 



{London 
Saturday, as we were < 



t Timts, Oct. 23, 1893.] 

opportunely reminded by "A Student 
of Naval History " was the anniversary of Trafalgar, undoubtedly 
the greatest naval victory of our history ; perhaps, in its wider 
issues and effects, the moat decisive battle of the modem world. 
Our correspondent writes with great authority and insight, and 
there are not a few reasons, some of which will occur to all at the 
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present moment, why the lessons which he inculcates in so salu- 
tary and so timely a fashion should be pressed upon the earnest 
attention of his countrymen. Englishmen are very apt to ignore, 
or, if not to ignore, to misapprehend, the real teaching of their 
naval history. Historians have rarely seized its true import and 
significance. They have treated it, for the most part, as a series of 
external episodes, subsidiary and subordinate to contemporary 
military enterprises, and not as the central and dominant factor of 
our National and Imperial fortunes. It has been reserved for an 
American writer to show us, almost for the first time, what "Sea 
Power" really is, and what its influence has been on the history 
and condition of the modem world. By his pregnant conception 
of *' Sea Power" and his masterly exposition of its influence upon 
history, especially upon the history of the British Isles, Captain 
Mahan may almost be said to have effected a revolution in the 
study of naval history similar in kind to that effected by Coperni- 
cus in the domain of astronomy. It is not difficult to trace the 
influence of this writer's teaching in the letter of **A Student of 
Naval History." *' At Trafalgar," writes Captain Mahan, "it was 
not Villeneuve that failed, but Napoleon that was vanquished ; not 
Nelson that won, but England that was saved." ... " The tactics 
at Trafalgar, while open to criticism in detail, were, in their main 
features, conformable to the principles of war, and their audacity 
was justified as well by the urgency of the case as by the results ; 
but the great lessons of efficiency in preparation, of activity and 
energy in execution, and of thought and insight on the part of the 
English leader during the previous months are strategic lessons, 
and as such they still remain good." 

It is virtually on this text that "A Student of Naval History" 
takes up his parable. Trafalgar was fought and won by a fleet 
inferior to the enemy in numbers and in armament, and by tactics 
open to criticism, not merely because Nelson was the greatest 
naval leader the world has ever seen, but because he devoted all 
the powers of his unique genius to the patient study of the naval 
problem before him, and to the consummate adaptation of naval 
means to naval ends. It was not the intuition of genius alone, 
but incessant and profound study, directed, no doubt, and inspired 
b^ genius, that enabled him to penetrate to the core of a problem 
and to disengage its essence from its accidents. This it was that 
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riveted liis attention on VUIeiieuve's Beet as the one strategic! 
object, paramount to all others, in his trout, that carried him to^ 
the West Indies inpursuit of it, and brought him back into EuropeanB 
waters in time to frustrate the combinations of Napoleon, This itfl 
was, too, that determined the tactics at Trafalgar — tactics theoreti- 
cally faulty in some respects, but justified in his hands, as Captain 
Mahan says, "as well by the urgency of the case as by the re- 
suits." This, according to our " Student," is the first great lesson i 
of Trafalgar— the lesson that even the most consummate naval! 
genius cannot dispense with — patient and prolonged study of the J 
"strategic requirements of the campaign and the tactical require- ' 
ments of the battle." The second lesson is that the sea-trained 
fleet, although inferior, defeated and crushed the harbor-trained 
fleet, stiperior as it was in number and size of ships, in armament 
and weight of metal, and in the numbers of men engaged. Here, 
again, we may cite the impartial authority of Captain NIahai 
The French ofBcers were highly trained in all but the one thing .- 
that makes the seaman — namely, constant experience and exercise! 
at sea. This was the training that Nelson's officers got, and they 1 
got very little else. Nevertheless, Captain Mahan attributes thel 
victory of Trafalgar quite as much to ' ' the very superior charactei 
of the British ^e/'sowwe/" as to the superior strategic position ocfl 
cupied by the British fleets. "Continually cruising, not singly, ' 
but in squadrons more or less numerous, the ships ' 
the drill ground — nay, on the battlefield- — experiencing all the 
varying phases impressed upon it by the changes of the o 
Thus practiced and hardenedinto perfect machines, though inferior 
in numbers, they were continually superior in force and 'mobility 
to their opponents.'" This is the true training of the naval officer. 
, He cannot be made a seaman without constant experience of the 
sea, Everything else that he learns in the course of his profes- 
sional studies is, or should be, merely subsidiary and subordinate 
to the teaching of the sea itself. His proper training-ground isthe 
quarter-deck and the bridge of a sea-going ship at sea. It is not 
(he mastery of scientific appliances nor the chamber and lecture- 
room study of the sciences on which they depend, important 
though these things undoubtedly are, that makes a man a seaman 
-of the type of Nelson and his officers. The sea itself ia the on'e 
element of a seaman's experience that cannot be reduced to book- 
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knowledge and must be assimilated on the quarter-deck. A man 
is no more made a seaman by scientific study on shore than he is 
made an athlete by a knowledge of human physiology or of the 
chemical properties of food. 

If, then, we would profit by the true lessons of Trafalgar, we 
must never allow ourselves to forget that, while the genius of 
Nelson was inspired and sustained by profound study of the art 
and history of naval warfare, the training of his officers was 
acquired on the sea and from the sea. Their enemies were as 
brave as they were, and in theoretical training they were far 
superior to them. They had learned all that a seaman could learn 
on shore and in harbor, but, when they came to apply at sea 
what they had learned only on shore, their enforced lack of sea 
experience told fatally against them. We are in some danger of 
suffering from a like disability in the naval warfare of the future. 
Whether our admirals are students of naval strategy in the sense 
that Nelson was it might, perhaps, be invidious to inquire ; but it 
is certain that our officers are now encouraged, and practically 
required, to pursue scientific training on shore at the cost of experi- 
ence at sea. We live in a scientific age, of course, and a modem 
battleship is a wilderness of scientific appliances. A naval officer 
should be master of all the knowledge that enables him to fight 
his ship to the best advantage, or, if he is in command of a fleet, 
to divine and frustrate the strategic designs of his adversary. But, 
of this indispensable knowledge, surely the most important factors 
are those which are derived, on the one hand, from an intelligent 
study of the principles of naval warfare as illustrated by its history, 
and, on the other hand, from the teaching of the sea itself. Our 
forefathers acted on these principles, and Trafalgar was the glorious 
result. We cannot always have Nelsons at command, but we 
may, and must, at least take care that, in making our officers 
mathematicians and electricians, engineers and artillerists trained 
for the most part on shore or in harbor, we do not deprive them 
of those qualities and that experience which enabled the sea-trained 
fleet of Nelson to annihilate the superior harbor-trained fleet of 
his ill-starred opponent 
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,SEA POWER : ITS PAST AND ITS FUTURE.* 
\Fortnightly Review. '\ 

The continents and islands of the world are growing tame and 
vulgarized. Already at the bidding of the old civilization they have 
surrendered very nearly all their secrets and mysteries, and many 
of their idiosyncrasies. He who will may now go by train to Jeru- 
salem or Samarkand. In Japan they brew excellent bottled beer 
and manufacture matches that strike only on the box. Both are 
exported to India. A telegraph wire is being laid almost through 
the village in which Livingstone died ; the Sandwich Islands have 
experienced a coup d'etat of the most enlightened and least bloody 
European type ; Niukalofa, the capital of the Tonga-Tabu Islands, 
has a daily postal delivery ; Delhi enjoys a telephone system ; 
China buys her field-guns at Essen ; the faithful Moslem from the 
farthest east makes the greater part of his pilgrimage to Mecca by 
steamboat ; and the bicycle has crossed Asia. 

Nor are there in these continents and islands many corners which 
European and American diplomacy can still regard as no-man's 
land. Progress has occupied, as well as overcome, almost every 
one of them, and we are rapidly nearing the moment when an 
attempt on the part of any government to make the smallest fur- 
ther annexation will excite throughout civilization a commiotion 
scarcely less dangerous than would be excited to-day by a French 
occupation of Antwerp or an Italian seizure of Nice. The various 
continents and islands are, in fact, quickly settling down into order, 
and the discoverers, the adventurers, and the chartered companies 
will soon find no more savage worlds to conquer on shore. But 
the sea remains. 

Twenty years, or a little more, may perhaps elapse ere the last 
scrap of Africa and the last Pacific islet shall be snatched from their 
aboriginal owners and formally added to the possessions of an 
older power. Thenceforward those who hunger for empire will be 
stinted of their ordinary food. No doubt they will continue to be 
as hungry as of yore, but they will have to starve, unless they 
either satisfy themselves with the accustomed pabulum at the risk 

* By permission of Leonard Scott Publication Company, New York. 
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of provoking a great war, or find some other and still plentiful diet 
which, in default of land, will content their appetites. 

For thousands of years the struggle has been for earth. When 
the ownership of the whole of the earth shall have been determined, 
will there not arise an equally keen and persistent rivalry for the 
mastery of the sea ? 

I venture to think that there will, firstly, because humanity will 
continue to be acquisitive ; and, secondly, because we are already 
beginning to learn that the empire of the ocean, or of particular 
parts of it, may be, from the military and commercial points of 
view, no less desirable than the empire of the solid land. 

Some vague suspicion of the value of the ocean to him who might 
be wise and strong enough to take advantage of it may perhaps 
have flitted through the brains of those rulers of England who from 
early times exacted in the narrow seas the Honor of the Flag. But 
they obliged Frenchmen, Netherlanders, and Spaniards to strike 
their topsails, not so much because there was any clear and definite 
impression abroad that the dominion of the sea was a strategical 
and commercial benefit, as because the British race, in those days 
especially, despised foreigners and loved nothing better than to 
humiliate them, and because the Howards, the Drakes, the Blakes, 
the Monks, and the Ruperts were truculent dogs who found pleasure 
in flying at all who approached them. It was a question rather of 
national pride than of studied policy. And so little was the claim 
to the Honor of the Flag regarded as being of serious importance, 
that in the very days when England was strongest on the sea and 
could most easily enforce it, she began gradually to cease to 
press it. 

In the last century, and during the whole period of the Revolu- 
tionary and Napoleonic Wars, every Englishman recognized, in a 
general way, that a great and efficient navy was necessary, indi- 
rectly for the protection of his shores, and directly for the winning 
of battles, the destruction of the enemy's commerce, and the 
accumulation of prize-money ; but no one in Europe seems to have 
then clearly realized all that preponderating naval power may 
mean to its possessor if it be intelligently employed. No one 
accepted it at its true and full strategical value. No one pointed 
out the significance of the Nile and of Trafalgar. It was enough 
to regard those actions merely as glorious victories in which so 
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many Frenchmen were killed or wounded and so many French 
line-of-battleships destroyed or taken. British naval strategy, 
although upon the whole it was soundly guided, and although 
under Hawke, Rodney, Hughes, St Vincent, and Nelson it was 
conducted almost flawlessly, was not professedly based upon scien- 
tific principles. Much of it was of the happy-go-lucky order. It 
succeeded because the execution of it happened to fall into the 
hands of geniuses, who worked not so much by the light of reason 
as by the light of inspiration. The naval tactics of the age were 
of the same type. The manoeuvre of breaking and cutting off a 
part of th« hostile line gave Great Britain more than one glorious 
victory ; yet it seems to have been first adopted upon the spur of 
the moment, and to have been afterwards utilized again and again 
in response to the promptings, not of logical deductions but of 
practical experience. That John Clerk, of Eldin, had advocated it 
from the arm-chair before it was employed in the Battle of the 
Saints is a coincidence only. It had been employed, and with suc- 
cess, before Clerk was born. And as for the particular manoeuvre 
of the 12th of April, 1782, it was the result of no deliberate inten- 
tion but of a shift of wind. There were such things as strategical 
and tactical axioms, but they were crude and general. Victories 
were valued chiefly for their immediate and most tangible results. 
Their probable bearing upon the issue even of the naval campaign 
was not seriously studied. Their possible bearing upon the issue 
of the campaign which was concurrently in progress on shore was 
often altogether ignored. 

It was from this standpoint, and from no higher one, that in 1822 
William James, one of the most pertinacious of investigators and 
most plodding of dullards, published the best and worst of all 
naval histories in the English language — that of the eventful period 
between 1793 and 181 5. All earlier English naval histories leave 
very much to be desired not only as regards the arrangement of 
events and the attribution of them to their true origins and to those 
phases of change to which they conduced, but also as regards the 
accuracy of the facts set forth. Lediard is little better than 
Burchett. Schomberg is a great deal worse than Campbell. James 
set a new example. Except, perhaps, in the case of some of the 
incidents of the war of 1812, he honestly did his utmost to satisfy 
himself of the absolute truth of every statement which he submitted 
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to his readers. He wrote hundreds of letters to the surviving actors 
in the events which he purposed to describe. He read and digested 
all the dispatches, logs, gazettes, previous histories, foreign reports 
and private narratives upon which he could lay his hands. He 
carefully balanced conflicting accounts, and arrived, in the majority 
of instances, at conclusions the correctness of which has never yet 
been successfully attacked. He went to immense pains to give 
the exact Christian names of all officers whom he had occasion to 
mention, and to analyze the true force of every ship the exploits of 
which he recounted. Never was there a man more painstaking, 
more indefatigable, more scrupulously conscientious — save, as I 
have said, when he was in presence of the Stars and Stripes. Yet, 
though he presented to the world a monument of his industrious 
patience, he failed utterly to give it a naval history in the proper 
sense of those words. His history is nothing more than a long 
string of disconnected episodes, a series of miscellaneous dioramic 
views, each very well done, and each accompanied by an ex- 
planatory commentary, but each entirely dissociated from the view 
which precedes and from the view which follows it. After reading 
Mr. James' numerous volumes the student is tempted to the con- 
clusion that in the days of the Republic and the First Empire the 
nations embarked upon naval enterprises as thoughtlessly as 
young English couples embark upon matrimony, and with as little 
eye to the serious and legitimate objects of the undertaking. He 
can distinguish very few traces of the existence of steady policy or 
of intelligent and provident plans of campaign. He learns that at 
a given moment a fleet of a given force was in a given latitude ; 
but he is left to discover for himself how it got there and why it 
went there. James' usual preface to an account of a hostile 
meeting between single ships runs to the effect that, "On the 13th 
of March, in latitude 50° 22' north and longitude 18° 14' west, 
the British 12-pounder 32-gun frigate Pantomime, Captain Nelson 
Rodney Howe, being on a cruise, descried the French 36-gun 
frigate Chocolat,'' etc., etc. He gives no hint of the general policy 
in pursuance of which frigates were cruising in those waters, and 
his omission to afford information upon this subject intensifies the 
reader's suspicion that, to a large extent, in those days ships were 
sent hither and thither at hazard, that there was no proper directing 
brain at home, that the strategical factor was often absolutely 
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neglected, and that actions were won entirely by the adventitious 
and unaccountable presence of a superior force at the right point, 
by simple hard fighting, or by the heaven-bom genius of the senior 
officer who by chance was upon the spot. 

Yet for more than half a century James was everywhere 
accepted as a great naval historian; nor did English-speaking 
students ask or hope for a greater one. The truth is that James 
was a remarkable collector of facts, a brilliant diarist. Of the real 
historian's breadth of view he had no share whatever. He knew 
not how to separate the important from the trivial. He was in- 
capable of looking behind or to either side of the events which he 
was describing. He had no sense of the continuity of episodes. 
He expressly declares: **In reasoning upon the issue of any 
battle, I have found neither the talent nor the inclination to dwell 
on the consequences which might or did accrue to either nation 
from success or failure. The merits of the combat, considered as 
a combat, I have fully detailed and freely discussed, and have left 
the field of politics open to those who know better how to traverse 
it. " To say that James avoided the field of strategy with almost 
as much pains as he avoided the field of politics is to commit no 
exaggeration ; and to pretend that naval history can be seriously 
discussed without reference both to politics and to strategy is ob- 
viously absurd. It is, therefore, surprising that during the fifty 
years which followed the publication of James' work, no English 
writer made an effort to examine into the causes, the origins, the 
ruling principles, and the results of the series of events which 
James had so carefully but so inconsequently described. 

At last there arose, in Great Britain, Philip Howard Colomb, 
and, in America, A. T. Mahan. The former, an Irish naval officer, 
retired from the service in 1886 and consoled. in the following year 
with the rank of rear-admiral, and in 1892 with that of vice-admiral, 
was, at the period of his active life, a distinguished ornament of 
his profession. His book, *' Naval Warfare; its Ruling Principles 
and Practice Historically Treated (1891)," exhibits him as a very 
indifferent historian. He shows, it is true, that he comprehends 
the way in which the naval history of the past must be viewed ere 
it can provide useful lessons for the future ; but he is without the 
literary art, and he presents neither his facts nor his conclusions 
in such a manner as to convince the reader. Verbose to a degree, 
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afflicted with an apparently incurable mania for dancing round 
every subject instead of at once attacking it, obscure in his pro- 
cesses of reasoning, and unable, in spite of the inherent attract- 
iveness of his materials, to breathe life into them, Admiral Colomb 
has produced a book which is a little learned and perfectly un- 
readable. He has tried, and he has failed, to do what James left 
undone. Captain A. T. Mahan, U. S. N., who is likewise of Irish 
descent, engaged, at about the same time, on a task similar to 
that in which Admiral Colomb gained no laurels. The American 
officer, who is still on the active list of his navy, was fitted by 
nature as well as by training for the work to which he happily 
turned his hand. Possessed of a charming style ; precise and 
clear instead of verbose ; completely Conscious of what he intends 
to convey and perfectly competent to convey it; and dowered 
with a perspicacious breadth of view which dwells on all that is 
important and passes over all that is irrelevant. Captain Mahan 
has given.us two very remarkable books, "The Influence of Sea- 
Power upon History, 1660-1783" (1890), and "The Influence of 
Sea Power upon the French Revolution and Empire, 1793-1812 " 
(1892), books which, it may with truth be asserted, have already 
firmly established themselves as the standard strategical histories 
of the periods with which they deal. Sea power, of course, has 
influenced the world in all ages. So also has oxygen. Yet, just 
as oxygen, but for Priestley, might have remained until this day 
an indefinite and undetected factor, so also might sea power but 
for Mahan. The predecessors of each discoverer were conscious 
that around them was something which was responsible for certain 
observed results, but the predecessors of neither knew exactly 
what that something was. Priestley explained, "The effects are 
produced by oxygen; here is oxygen, and you may obtain it 
after such and such a manner." Mahan announces, "The effects 
are due to sea power ; here is a definition of sea power, and you 
may secure sea power after such and such a fashion. " Not until 
a factor has been defined and separated can it be intelligently and 
fully utilized. Herein lies the merit of Mahan as of Priestley. 
The discovery of oxygen went far towards placing the science of 
chemistry on a sound basis. The discovery — for it is a genuine 
•discovery — of the nature, limitations and influence of sea power 
does as much, and perhaps even more, for naval strategy. 
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Captain Mahan's discovery is now more than three years old, 
and during those three years it has been so widely written and 
spoken about in Europe, as well as in America, that its nature can 
scarcely remain unfamiliar to many. It will be here useful, never- 
theless, to briefly summarize that portion of Captain Mahan's 
earlier book in which the elements of sea power are discussed. 

The author bids us regard the sea as a wide plain, over which 
men may pass in all directions, but on which some well-worn 
paths show that controlling reasons have led people to choose 
certain lines of travel rather than others. We are to remember, 
too, that travel and traffic by sea have always been easier and 
cheaper than by land. The countries which border upon the sea 
may be looked upon in the light of so many mountainous tracts 
abutting upon the edges of, or isolated by, the wide plain afore- 
said. It is obvious that he who dominates the plain, across 
which transport is so cheap and facile ; who can at will bar a path 
or trade-route ; and who at all times retains for himself, the ability 
to move freely hither and thither upon every part of the plain, 
holds a position vastly superior to the position of any of his neigh- 
bors. If, moreover, this dominator of the level plain be also the 
possessor of a few of the abutting mountainous tracts, and of some 
of the isolated hills which rise from the plain, it is clear that he 
enjoys additional advantages, especially over those of his neigh- 
bors who, like himself, have scattered possessions. He can 
insure and keep open communication between his various farms. 
They cannot, save with his permission. It is not necessary that 
he shall have such absolute mastery of the plain as to render im- 
possible occasional hasty forays upon it from hostile hills. Those 
forays will not materially affect the general result. All that is 
necessary is that he shall be always the real tenant of the plain, 
and that he shall be strong enough to make trespassers and 
poachers flee at the approach of him or of his servants. His hold 
upon the plain and its pathways will, if he be a wise man, tighten 
as the number and value of his farms and products increase ; and 
as his hold tightens, so will his power and influence grow among 
his neighbors. As a foe he will be feared — as an ally he will be 
welcomed ; and he will become the arbitrator and peace-keeper of 
the district. 

Substituting the ocean for the plain, and the nations and islands 



SEA POWER. 467 

for the surrounding and isolated hills, we get a tolerably true 
picture of the general conditions which make sea power the para- 
mount factor in the ultimate solution of the majority of international 
questions. We see also how trade and commerce beget sea power, 
and how important a bearing sea power may have upon land 
power. We moreover, if we still keep the analogy in mind, may 
distinguish at once the terms upon which alone sea power can be 
maintained. It may be local sea power, or it may be universal 
ocean power; but whether it be the one or whether it be the 
other, it cannot be enjoyed by more than one tenant at a time in 
any given district. Again, the tenancy may be precarious, feeble, 
and uninfluential, or it may be unchallengeable and all-domi- 
nating. And its nature is necessarily to a large extent controlled 
by the geographical position, physical conformation, extent, popu- 
lation, national character, government policy and commercial 
needs of the tenant state. It is useless here to enter into con- 
sideration of the modifying effects of any of these conditions. 
They must suggest themselves to all thoughtful men. The im- 
portant point to which attention should be directed is the law that 
sea power, or mastery of any sea, in proportion as it is complete, 
confers upon its possessor an ultimately dominating position with 
regard to all the countries the coasts of which border that sea. 
This is the gist of Captain Mahan's discovery. In his volume on 
**The Influence of Sea Power upon History, 1 660-1 783," he tested 
what was at first only a theory, by applying it to the second 
Anglo-Dutch war, to the Franco-English war with the United 
Provinces, to the war of France against combined Europe, to the 
war of the League of Augsburg, to the wars of the Spanish and 
Polish successions, to the war of the Austrian succession, to the 
Seven Years' War, and to the war of the American Revolution. 
So consistently did the theory everywhere fit in with the course of 
events, that all doubt as to its correctness disappeared. It is now 
accepted as a strategical fact. That it was left for Captain Mahan 
to discover is astonishing, for, after perusing his books, the reader 
is tempted to marvel that a law apparently so obvious could have 
escaped the notice even of early historians. Yet late writers, like 
Arnold and Creasy, as well as early ones, have dealt with so 
remarkable an example of the influence of sea power upon history 
as is afforded by the final success of the Romans against Hannibal. 
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without perceiving that sea power had any definite bearing upon 
the result. As Captain Mahan says : 

" The Roman control of the water forced Hannibal to that long, perilous 
march through Gaul in which more than half his veteran troops wasted 
away ; it enabled the elder Scipio, while sending his army from the Rhone 
on to Spain to intercept Hannibal's communications, to return in person 
and face the invader at the Trebia. Throughout the war the legions 
passed by water, unmolested and unwearied, between Spain, which was 
Hannibal's base, and Italy ; while the issue of the decisive battle of the 
Metaurus, hinging as it did upon the interior position of the Roman armies 
with reference to the forces of Hasdrubal and Hannibal, was ultimately 
due to the fact that the younger brother could not bring his succoring re- 
inforcements by sea, but only by the land route through Gaul. Hence at 
the critical moment the two Carthaginian armies were separated by the 
length ol Italy, and one was destroyed by the combined action of the 
Roman generals." 

The fact that throughout the whole of his first great historical 
work Captain Mahan endeavored to exhibit the successive naval 
events of a period of a hundred and twenty-three years as illustra- 
tions of the truth of one general law of the higher strategy lends a 
singular consecutiveness and completeness to his admirably told 
narrative ; and I am delighted that in his second great historical 
work he has adhered to the same plan. The period covered by 
the two volumes dealing with '*The Influence of Sea Power upon 
the French Revolution and Empire" is nearly coincident with the 
period covered by James' *' Naval History," and one cannot, as I 
have hinted, but compare the two books to the advantage of the 
newer one. The older one is, of course, far fuller in detail, but it 
is a book with no beginning, no plot and no denouemeiU, whereas 
Captain Mahan's work forms a harmonious whole. 

The first volume begins with a survey of the course of events in 
Europe for the ten years preceding 1793, and with an account of 
the condition of the British and French navies at the time of the 
declaration of war by France. The influence of the Revolution 
upon the fleet of the Republic had not been of a healthy character. 
Many of the best officers had been proscribed, or had quitted the 
service in disgust; discipline had been subverted; and courage 
and audacity were believed by the chiefs of the Government to be 
almost the only qualifications needed by the fighting seaman. 
Immediately after the outbreak of hostilities. Admiral Morard de 
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Gailes, one of the most capable of the remaining officers of the 
older and better school, wrote despairingly: "The tone of the 
seaman is wholly ruined. If it does not change we can expect 
nothing but reverses in action, even though we be superior in 
force. The boasted ardor attributed to them, stands only in the 
words 'patriot,' 'patriotism,' which they are ever repeating, and 
in shouts of 'Vive !a Nation!' 'Vive la Rfepublique 1' when they 
have been well flattered. They have no idea of doing right, or of 
attending to their duties." Mutiny, mismanagement, peculation 
and anarchy produced their inevitable results. The British Navy 
was in a better condition, but not by any means in a perfect one. 
Confusion and waste characterized the administration, and during 
the ten years' peace the efficiency of the service had noticeably 
slackened. "But," says Captain Mahan, "although administration 
lacked system, and agents were neglectful or dishonest, the Navy 
itself, though costing more than it should, remained vigorous ; the 
possessor of actual, and yet more of reserved, strength in the 
genius and pursuits of the people — in a continuous tradition, which 
struck its roots far back in a great past — and, above all, in a body 
of officers, veterans of the last and some of yet earlier wars, still 
in the prime of hfe for the purposes of command, and steeped to 
the core in those professional habits and feelings which, when so 
found in the chief, transmit themselves quickly to the juniors." 
In the British as well as in the French fleets there was, it is true, 
some mutiny, but there was no anarchy. The forms of discipline 
were maintained, and though in more than one case the men 
refused to sail before their grievances were redressed, they qualified 
their refusal by adding, "Unless the enemy's fleet should put to 
sea." This spirit, the experience of the officers, and, last but not 
least, the material superiority of her fleet, placed Great Britain at 
an advantage from the hour when the first shot was fired. The 
relative forces, so far as ships of the line were concerned, was at 
that time: British, 115 vessels, 8718 guns, 88,957 pounds broad- 
side weight of metal; French, 76 vessels, 600a guns, 73,957 
pounds broadside weight of metal. In 1793, therefore, France 
could not hope for success at sea. But although Great Britain 
entered the war allied with many of the nations of Europe against 
France, one by one her allies dropped away, until the island 
kingdom, with two-fifths of the population of France, and a dis- 
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affected Ireland, stood alone face to face with the mighty onset of' 
the Revolution. Again and again she Itnilted new coalitions, 
wliich were as often cut asunder by the victorious sword of the 
French army, Still she stood alone, ever on the defensive, until 
the destruction of the combined fleets at Trafalgar, and the ascen- 
dency of her own navy, due to the immense physical loss, and 
yet more to the moral aniiihilalion of that of the enemy, enabled 
her to assume the offensive in the Peninsula after the Spanish. 
uprising — an offensive based absolutely upon her control of the 
sea. Her presence in Portugal and Spain kept festering that 
Spanish ulcer which drained the strength of Napoleon's Empire; 
and so, by slow degrees, the greatest military power that has been 
created in modem times was reduced to impotence. 

How the whale thus effected the defeat of the elephant is told at 
length by Captain Mahan. That the powers of the sea can bring 
low those of the land is a paradox, and this is, I suspect, one of 
the reasons why these volumes, although they deal with many 
matters which do not usually interest lay people, have met with 
such a general welcome. I need not summarize the course ©£■ 
events, or attempt to show what bearing each one of them had 
upon the results which were ultimately attained. No one will ever 
show this better than Captain Mahan himself, and therefore I refer 
the student to the two volumes, which are published in Boston by 
Messrs. Little, Brown & Co. , and in London by Messrs. Sampson 
Low, Marston&Co., Limited, and which do not, in myhumble"! 
opinion, contain a page that cannot be read with pleasure as well 
as with profit by any man for whom foreign politics, the history of 
the rise and fall of nations, and the sources of national greatness 
possess the slightest attractions. My purpose here is first to 
endeavor to indicate broadly the processes by which, in the period 
under consideration, Great Britain established the predominance 
of her sea power; next to show some of the effects which that 
predominant sea power had upon a military combination that had 
been at length reduced to absolute maritime impotency; and 
finally to offer a few conclusions which seem to me to suggest to 
certain Powers important lessons for the future. I write, as far aa 
possible, from the point of view of the unprejudiced and disin'-: 
terested observer; from the point of view, if I may be allowed tO' 
say so, of a naval expert of neutral nationality ; from the point of' 
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view of a publicist who finds in the Independance Beige a tribune 
wtiich is truly independent and truly international ; and, above 
all, from the point of view of one who ardently hopes for continued 
peace, for increasing commercial prosperity, and for tlie advance- 
ment of civilization. 

The naval policy of Great Britain between 1793 and 1805 was 
not, especially at first, a fixed and steadily pursued one ; but expe- 
rience, aided by the intuitive genius of St. Vincent and of Nelson, 
at length set it moving along a path which, while the struggle con- 
tinued, it never again entirely abandoned. One feature in this 
policy was to spare no pains to improve and to maintain the effi- 
ciency of the personnel, even at the expense of some amount of 
deterioration in the maleriel. The men were kept constantly at sea 
off the enemy's coasts, were ceaselessly trained, and were, upon the 
whole, very well taken care of. Service afloat bettered the quality 
of the men more than it injured the ships, and historically, as 
Captain Mahan points out, "good men with poor ships are better 
than poor men with good ships. Over and over again the French 
Revolutionary wars taught this lesson, w^hich our own age, with 
its rage for the last new thing in material improvement, has largely 
dropped out of memory. " Another feature — even in the days when 
a course of action that was mainly defensive had to be followed — 
was the practice of treating the sea as British territory, and of en- 
deavoring to hold it right up to the shore of the country with which 
hostiliries happened to be in progress. This practice had the effect 
of giving to the British fleets such advantages as resulted from the 
tenure of interior positions. A third, and perhaps the most import- 
ant feature, was the general recognirion of the fact that the first 
duty of a British admiral was to bring the enemy's fleet to action 
and to destroy it. The traditions of the service did not encourage a 
commander to attempt great enterprises of territorial conquest 
until he had either captured the floating foe or driven him into port, 
and this tradition, which found its most famous exponent in Nelson, 
was very seldom violated. The tradition was the lodestar of 
Nelson's glory. In 1 798 it led him, after his feverish search of the 
Mediterranean, into the Bay of Aboukir ; in 1801 it enticed him to 
Copenhagen ; in 1805 it took him on that hot chase of Villeneuve. 
That he might come up with the enemy and drub him was, when- 
ever there was an enemy at sea, his daily prayer and his nightly 
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dream; and when the enemy was in port, Nelson's grand pre- 
occupation was to induce him to come out and accept battle, or, 
in default of being able to induce him to come out, to go in and 
bring him out. Very different was the prevailing French policy. 
France built better ships than England, and gunned them more 
heavily, but paid far less attention to the condition of her seamen. 
After his voyage to the West Indies, Nelson was able to write, 
** We have lost neither officer nor man by sickness since we left the 
Mediterranean." At about the same time, as Nelson also tells us, 
the allied French and Spaniards ''landed a thousand sick at Mar- 
tinique, and buried full that number during their stay." And in 
1 80 1, Admiral Ganteaume, addressing his superiors, had to say, 
'*I once more call your attention to the frightful state in which are 
left the seamen, unpaid for fifteen months, naked or covered with 
rags, badly fed, discouraged ; in a word, sunk under the weight of 
the deepest and most humiliating wretchedness. It would be hor- 
rible to make them in this state undertake a long and doubtless 
arduous cruise." The Englishmen fought in warm clothes and 
with full stomachs. Nor had the French the same practice at sea 
as the English. The standing French order seems to have been : 
** Husband the fleet in order that we may use it for ulterior pur- 
poses : do not risk it in any such dangerous affair as a general 
action, unless, indeed, you be absolutely certain of gaining a splen- 
did victory. Even if you be not defeated you will damage some 
of your ships, and so unfit them for the ulteripr purposes which 
we have in view." Often, therefore, for months, and occasionally 
for years at a time, a French fleet remained in port, steadily 
deteriorating at its moorings, and sometimes, though in its own 
protected anchorage, meeting with such an ignominious fate as 
overtook, in 1809, part of the squadron of Admirals AUemand and 
Gourdon in Basque Roads. When a French fleet did put to sea, it 
almost invariably did so for some purpose other than the destruc- 
tion of the fleet of the foe. If brought to action it fought well, but 
it very seldom sought action, and frequently — though from no 
motives dishonorable to its commander — it took pains to avoid it. 
It is unnecessary to point out which of the two policies is the 
more likely to breed a competent and confident race of officers and 
seamen. From the first day of the long war the British Navy 
began to grow and the French Navy began to decrease, until at last 
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the island kingdom was almost undisputed mistress of the ocean 
plains around her. 

I say that she was almost undisputed mistress of them ; but she 
could not, and no conceivable maritime supremacy ever can, 
wholly put a stop to the spasmodic incursions of corsairs and pri- 
vateers. England had for the nonce annihilated French sea-borne 
commerce ; she had rendered it impossible for France to keep an 
organized fleet at sea for more than a few days at a time ; but she 
could not prevent French privateers and small cruisers from prey- 
ing upon British trade. Frenchmen, and some Englishmen, 
believed the guerre de course would wear down or at least seriously 
cripple Great Britain, and the method of warfare possessed the 
obvious advantage of being both cheap and profitable ; but it 
proved to be absolutely incapable of producing serious results.^ 
While the effect of the naval war, as waged by British policy, was 
at last decisive and crushing, that of the naval war as waged by 
French policy never amounted to anything more formidable than 
an annual tax equal to between two and two and a half per cent 
of the British shipping afloat. Under this tax British shipping not 
merely held its own, but increased enormously. In 1795, Great 
Britain and her dependencies owned 16,728 vessels"; in 1805, 
22,051. The prosecution by France of the guerre de course did 
little more than double the ordinary risks of the sea. The damage 
done was a mere fleabite. After Trafalgar, Napoleon strained 
every effort to destroy British prosperity by enforcing the conti- 
nental system. It was his last hopeless struggle against the inex- 
orable influence of sea power. For this purpose, as Captain 
Mahan points out, edict after edict was issued to France and her 
allied countries ; annexation after annexation was made ; a double 
cordon of French troops lined the shores of the Continent from 
France to the Baltic ; British goods were not only seized, but pub- 
licly and wastefully burnt throughout the empire ; demands were 
made upon all neutral states to exclude British manufactures and 
colonial produce ; the calamitous Spanish war was incurred ; and 
the fatal invasion of Russia was undertaken. The game was a 
terribly costly one. It would have ruined Great Britain had not 
the sea been hers. It did ruin Napoleon. 

Such was the work done by sea power towards the settlement of 
the most general and tremendous conflict that the modem world 
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has seen. Sea power, or, to put it otherwise, commercial and 
naval maritime supremacy, intelligently employed, under the grei 
Pitt and his successors, by St Vincent, Keith, Nelson, CoUmgTvoo^J 
Cotton, and Pellew, who were successive commanders-in-chief itt 
the Mediterranean, and by Cornwallis, Saumarez, Samuel Hood^ 
Strachan, Stopford, and a score more in other capacities, was too 
much for the most mag^iificent of military combinations, even 
though headed by a soldier whose ability was unique, and who in 
Europe wielded more power, commanded more devotion, and dis- 
posed of more forces than any other chief of whom history has I 
left a record. The result was no accidental one. It was neceftr^ 
sary ; it was inevitable ; it was the outcome of the strategical lam 
which exists now as it existed then, but which only now is fullM 
understood. 

Captain Mahan's demonstration of this law of the influence o 
sea power has roused the dockyards of Europe and America to I 
unwonted activity. It seems lo have occurred to half a dozen ^ 
maritime states that all the miUtary advantages resultant from seq 
power may be secured, at least locally, by the creation of a navj 
larger and stronger than any of the navies of neighboring natioou 
This, of course, is an entirely false theory, for sea power does noj 
rest primarily upon the possession of a strong navy, but upoi 
possession and the maintenance of a superior maritime trade. 
navy does not make trade ; but trade either makes a navy that i 
strong enough to support it, or passes into the hands of more prod 
ident merchants. Spain had at one time the best trade of the t 
hemispheres. When she lost her naval supremacy she 
" her trade. The Netherlands inherited Spain's business, but pre- 
served it only so long as the Netherlands navy was equal to the 
task of its guardianship. Yet it is true that a superior navy, 
although it cannot make a national trade, can destroy it by causing 
it to be transferred to a fresh flag ; and it is for this reason that the 
present general activity of the naval dockyards is significant. I do 
not mean to imply for a moment that it is in the power, even of a 
■superior navy, lo conquer trade to itself. After long years circum- 
stances might cause trade to shelter itself under that navy's flag ; 
hut it is far more probable that the trade would go at once, not to 
■Ihe conqueror, but to the neutral who happened at the moment to 
fee best able to undertake the responsibility. 



If, to imagine an illustration, a naval war were to break out 
between France and Great Britain, and if the latter were to experi- 
ence a decisive and crashing defeat at sea, she would lose her 
trade. But, in the existing circumstances, it would certainly not 
pass under the control of France. There is no doubt whatever that 
Germany, which is already the second commercial Power, would 
immediately become the first. Nor is it likely that Germany would 
fail to perfect her thus acquired materials of sea power by thespeedy 
creation of a proportionate navy. I do not believe that such a 
transfer would be less disagreeable to France than it would be to 
Great Britain ; and although I have ample opportunities of perceiving 
that neither in France nor in any other part of maritime Europe, 
except perhaps in Italy, is Great Britain regarded with feelings ot 
even tepid friendship, I refuse to suppose that any power would 
deliberately connive at the obliteration of the United Kingdom for 
the benefit of Germany, Even Austria would regard with terror 
so enormous a disturbance of the balance of power. 

Unfortunately, France does not appreciate the necessary results, 
to Germany and to Europe, of a humiliation of Great Britain. She 
is, moreover, alone among the nations in refusing to accept the law 
of sea power as it has been formulated anddemonstrated by Captain 
Mahan. France has no definite malign intentions. Of that I am 
sure. But she chafes at being second instead of first of the naval 
Powers, especially in the Mediterranean. She will not let slip an 
opportunity for endeavoring to seize the position to which she 
considers that she is entitled, and w^hich she fondly supposes would 
give her sea power in the full sense. And she is makingready accord- 
ingly. I do not attach the smallest importance to the individual 
opinions of that amusing chauvinist, M. Fran9ois Deloncle, but I 
know that his utterances at Marseilles on November 4 reflected 
for once the views of a large number of his countrymen upon the 
question of the British position in the Mediterranean, and therefore 
I cite them. "It is a good thing," said the thoughtless deputy, "to 
remember that the Mediterranean, the Black Sea, and the Red Sea 
belong to the Latin, the Greek, the Slav, and the Arab races, who 
are either bom on, or have colonized their shores. The Anglo- 
Saxons are aliens there, and not regular settlers. Neither the 
Latins, the Greeks, the Slavs, nor the Arabs, will permit them to 
establish themselves there permanently, for the Anglo-Saxon is their 
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enemy. This fact is proved by the heap of telegrams which I 
received from Spain, from Greece, and from Turkey on the occasion 
ofour recent demonstrations at Toulon." M. Deloncle then exhibited 
telegrams from Barcelona, Cadiz, Seville, Almeira, Athens, Smyrna, 
and Alexandria, in which occurred such phrases as "Long live the 
Mediterranean!" " Long live the union of France, Russia, and 
Spain in the Mediterranean ! " etc. 

It is this thoughtless and short-sighted impulsiveness of many 
Frenchmen — who, by the way, know less about Great Britain than 
about Cochin China — that constitutes the real European danger. 
I do not speak solely of the danger to Great Britain, but more 
particularly of the danger to the balance of power, which is now in 
equilibrium, and to the maintenance of the general peace for which 
all good men pray. France would pull down England, regardless 
of, or blind to, the fact that the vacated place would be occupied 
by Germany. She persists in believing that she could take it. And 
this is because, as I have said, she will not accept Captain Mahan's 
law of sea power. The strategical heresis of the "jeune 6cole" 
of naval officers, headed by Rear-Admiral Reveillere, ''Com- 
mandant Z," and M. H. Mont^chant, are gaining ground among 
French public men. The new teachers assure them — I quote 
the recently-published text-book of the '* jeune 6cole," "Essai de 
Strat^gie Navale (Berger-Levrault, Paris, 1893)" — that ** France can 
be victorious at sea without battleships, and that she cannot be 
victorious at sea, and will condemn herself to final defeat, should she 
attempt to meet battleships with battleships." They declare, again, 
that the whole art of modern naval warfare consists in the employ- 
ment of cruisers and light and fast vessels for the work, and that 
decisive results can be attained by coast-raiding and commerce- 
destroying. They have not yet succeeded in preventing the con- 
struction of battleships. Very many new and magnificent battle- 
ships are indeed being built by France as I write, and more are in 
contemplation. But they have succeeded in obtaining the con- 
struction of a vast number of small, fast craft, which could, no 
doubt, do an immense amount of damage to the commerce of a 
state like Great Britain, and they have succeeded in persuading a 
majority of their countrymen not only that France can enter, with 
prospects of success, upon a guerre de course with Great Britain, 
but also that she may derive substantial and permanent advan- 
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fa,i:;es from it in return for a comparatively small expenditure of 
men and money. Anything that tends to diminish the popular 
estimate of the seriousness of war is immoral, and anything that 
tends to obscure the prohable results of war is dangerous ; and I 
do not hesitate to say that much of the teaching of the "jeuiie 
6cole" is as wicked as it is foolish. Unhappily, it finds favor in 
France, where it has created an aggressive chauvinism in the 
minds of some even of those who do not accept all its dogmas. 
It i^ menacing peace; it is encouraging false hopes; and I regret 
to note that the pohcy of Great Britain provides daily encourage- 
ment of the hot-headed "jeune ^cole," and aggravates the danger 
of the situation. 

I am concerned not for Great Britain but for Europe. Great 
Britain pretends to the supremacy of the sea, and Europe is, upon 
the whole, resigned to her enjoyment of it. But British maritime 
supremacy necessarily jostles and inconveniences many members 
of the European family ; and Europe has a right to demand that 
so long as Great Britain continues to put forward her claims, she 
shall support them so determinedly and with such a convincing 
display of her ability to maintain them as to accustom her envious 
neighbors to the idea that in a quarrel with her they are foredoomed 
to defeat Upon no other terms is her presence in the Mediter- 
ranean either tolerable or defensible. If she be obviously weak, 
her Mediterranean fleet becomes merely a provocation. If she be 
overwhelmingly strong, her Mediterranean fleet becomes one of the 
most potent guarantees of peace that Europe can desire; for 
efBcient sea power is as weighty as an argument for peace as it is 
infallible as a promise of victory. 

EfBcient sea power — power proportionate to pretentions, propor- 
tionate to the interests which are to be guarded ! That is no true 
description of the present maritime power of Great Britain, either 
in the Mediterranean or elsewhere. I can tell Englishmen that 
they are very much mistaken if they believe that other nations 
accept them at Iheir own valuation. lean tell Englishmen that there 
are as good ships, as good guns, as good men under other flags as 
there are under the white ensign. I can tell Englishmen that to 
stamp a thing English is not nowadays sufRcient to guarantee its 
superiority or even its trustworthiness. Great Britain is dreaming 
while the world is hastening onward with ever-increasing rapidity. 
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Her sea power has ceased to be convincing, undoubted, recognized. 
To-morrow it could be shattered, perhaps immediately, by France 
alone, if only France had no other preoccupations, and if she were 
assured beforehand of Italy's non-interference. For the citadel of 
British sea power, the vantage-point upon which rests the centre of 
the British position in Europe is in the Mediterranean ; and, ex- 
cluded from the Mediterranean, the United Kingdom would, in a 
few years, be no weightier a factor in international politics than 
the Netherlands or Denmark. It is scarcely an exaggeration to say 
that it is only because the Anglo-Italian understanding is generally 
imagined to be of an extremely cordial and intimate, if not of a 
formal, nature, that an effort has not already been made to expel 
the alien whom M. Deloncle openly speaks of as ''the enemy." 
No doubt the good feeling of Italy is very pleasing to Briiish 
statesmen who have not many friends elsewhere. But it must gall 
British pride to reflect that British sea power — which, in the old 
days, was triumphant over an allied continent — is now too decrepit 
to stand in the Mediterranean without the support of a country 
which, little more than a generation ago, was disunited and feeble, 
and which, to this day, has never thoroughly vindicated its claim 
to consideration as a state of the first class. Upon the danger to 
Great Britain of relying, even in the smallest degree, upon a foreign 
country for the maintenance of a situation which is essentially a 
perpetual source of offence to all the national and racial ambitions 
of Southern and Central Europe, I will not insist. But upon the 
risk to the peace of the world which results from Great Britain's 
illogical and provocative attitude I may say something, for it does 
not concern Englishmen only. And what I say is : '* For the sake 
of peace, either be strong or have done with your pretensions. In 
the Mediterranean you are an interloper, and, except for tem- 
porary or evanescent purposes, you can call no one there your 
friend. In the past, I admit, you have done a good work there ; 
you have been upon the whole a benevolent usurper. In the 
future, if you be adequately strong, you may do an equally good 
work there, particularly in the direction of preserving peace. But 
if, while ceasing to be crushingly superior in force, you seek to 
remain there, you will speedily bring the whole European edifice 
tumbling about our heads. And you have absolutely ceased to be 
superior in force there even to France alone." 
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The Monthly Navy List for November notes the names of Her 
Majesty's ships which, on October i8 last, were then in the 
Mediterranean. Since that list was published certain alterations 
have taken place. The Colossus and Inflexible have returned to 
England, the Ramillies and Howe have gone out, and the Skipjack 
has been put under orders to go out. We know, therefore, approxi- 
mately, what will be the constitution of the fighting portion of the 
British Mediterranean fleet in, say, the middle of December. French 
official and semi-official documents supply us with particulars of 
the French naval forces in the Mediterranean. Below I venture 
to analyze the two lists, a comparison of which will be found 
exceedingly instructive. 
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The reader may institute comparisons for himself. Should he 
desire particulars of the thickness of armor, and of the number of 
torpedo-launching tubes carried by the ships, he can find them and 
other details in M. L^on Renard's Carnet de VOfficier de Marine for 
1893, or in Lord Brassey's Naval Annual, or in the Almanack fur die 
k, u. k, Kriegs-Marine, 1893. And while he is making his compari- 
sons and forming his conclusions, let him not forget that in the 
Mediterranean Great Britain has no dockyard where she can build 
anything larger than a sloop-of-war, and that her two naval sta- 
tions there are in no sense self-supporting, and depend entirely 
upon Great Britain's ability to supply and succor them by way of 
the sea. France, on the other hand, has at Toulon a building- 
yard second to none in the world, a practically impregnable arse- 
nal which has behind it the well-nigh inexhaustible resources of 
France. She also has private building-yards in the Mediterranean 
at La Seyne, Marseilles, and elsewhere, and ample dry-dock 
accommodation. All her reserves of men, money, and raw mate- 
rial are on the spot : all those of Great Britain are two thousand 
miles away. 

At the beginning of this article I hinted my opinion that when 
all the spare land of the world has been allotted and settled, the 
value of the sea — thanks largely to Captain Mahan's teaching — 
will be perfectly appreciated ; and that when it is perfectly appre- 
ciated, the empire of the sea will be hotly struggled for. British 
theorists fully accept the great law that has been laid down by the 
American writer ; but the British public neither knows nor cares 
anything about it. It is apathetic ; it is asleep. France, though 
she does not as yet appear to understand the true principles of sea 
power, and though she is incapable commercially of securing 
maritime ascendancy for herself, will certainly not let slip the first 
favorable occasion for crippling the sea power of England. And 
she can now cripple it when she will. The situation is one to 
sorely tempt her natural ambition and her inherited prejudices. 
If Mr. John Bull is content to sleep himself away into impotence, 
he will not have any of my humble sympathy when at length he 
awakes to find that his traditional glory^ — already slipping from 
him — has vanished beyond recall. But it is time, I think, for Mr. 
Bull to be roused and made to understand that, having assumed 
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certain responsibilities towards Europe, he ought now either to 
formally abdicate them, ere he goes to sleep once more, or to rise 
and strengthen himself in order to carry them out. His present 
policy of pretension and poweriessness in the Mediterranean, is 
perhaps the most formidable of existing menaces to the peace of 
the world. Nauticus. 



PROFESSIONAL NOTES: 



GUN FORGINGS AND ARMOR PLATE IN THE UNITED 

STATES. 

By Russell W. Davenport, Bethlehem, Pa. 

[American Institution of Naval Architects. "] 

The high working strains to 'which modern heavy ordnance is subjected 
have called for the highest attainable qualities in the material of which the 
parts are made. To insure this end, the specifications governing the manu- 
facture of gun forgings have been drawn with great care, a large number of 
test specimens, cut from the actual forging^ after final treatment, are required 
to show uniform and high physical qualities, and the manufacture is subject 
to constant and thorough inspection. The result is that tlie steel for gun 
forgings is melted of the best obtainable material, ingots are cast with special 
care to avoid cracks, blow holes and other defects, hollow forging is practiced 
whenever possible, and tempering and annealing is universally applied. In 
short, all the resources of the steel maker's art have been called upon to in- 
sure a perfect product in which the highest attainable physical qualities have 
been developed. As steel gun forgings have up to the present time been in 
general made of simple steel, improvements in physical qualities to meet the 
demands of higher working pressures must be looked for in some steel alloy. 
Chrome has been used to a limited extent for parts of small dimensions where 
great hardness and high elastic limit are aimed at, as in the Brown segmental 
gun, but nickel offers the best promise of improvement in the physical qualities 
of gun forgings. A complete set of forgings for an 8-inch g^n has been made 
by the Bethlehem Iron Company for the Bureau of Ordnance, IT. S. Navy, of 
nickel steel and are now being assembled at the Washington Navy Yard. The 
average physical qualities obtained in these forgings in transverse specimens 
were : 

Tensile strength. Elastic limit. Extension. Contraction of 

Pounds per square inch. Pounds per square inch. Percent. area. Percent. 

Tube, 93,200 58,300 21.2 42.0 

Jacket, 99,900 60,000 20.4 45.9 

Hoops, 109,100 68,200 20.5 46.9 

Size of specimen, 2J inches diameter and 2 inches long. 

As compared with an average of qualities usually obtained in corresponding 
navy gun forgings, made of simple steel, the tensile strength shows an in- 
crease of about 10 percent., and the elastic limit an increase of from 22 to 28 
per cent. ; the elongation and contraction of area are but slightly reduced. 

It is believed that by modifying the composition of this steel a considerably 
higher tensile strength and elastic limit can be obtained without dangerous 
sacrifice in ductility. 

ARMOR PLATE. 

The remarks made regarding the high standard aimed at in the manufacture 
of g^nforg^ng^ are also applicable to that of steel armor plate. "The best 
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is none too good," is a safe motto. Beaidea meeting certain physical require- 
ments in specimens tahen from the plates, the nianufacturer has to guarantee 
a successful ballistic trial of any plate of a group which the inspector may 
choose to select ; and as the financial loss in case of failure may be very great, 
it is evident that every possible care must he taken to perfect and control tfae 
manufacture. The ballistic acceptance test of armor plale for the United 
States Navy is more severe than that demanded in any otiier country. 

Forged armor plates made of simple steel, as originally developed by the 
Creuaol Worhs, offered a much greater resistance to penetration than wrought 
iron or even compound plates when attacked with sleet armor-piercing pro- 
jectiles, but the vice of the all steel plate lies in crackiii!', and it was the 
introduction of nickel into the steel, as already slated, which, to a great degtBe, 
corrected this defect. 

It is probable that an increased resistance to penetration may be obtained 
by the introduction of other metals along with nickel, and at the St. Chamood 
Works, in France, steel containing both nickel and chromium has given good 
results. Developments in this direction, however, have been somewhat 
checked by the advent of hard faced steel plates, by which it is aimed to stop 
and break up the steel projectiles before serious penetration takes place. 

The introduction of carbon by cementation into the (ace of the plate with 
subsequent water hardening, as proposed by Harvey, and known as the 
" Harvey process," has, up to the present time, given the best results in this 
direction. The application of this process, which was developed at the Beth- 
lehem Works, with the energetic aid of the Bureau of Ordnance of the United 
Stales Navy, has now passed its experimental state for plafes of medium 
thickness, and the Harveyized i3-inch taper plate representing the side armor 
of the Maine (recently tested at Indian Head), and manufactured by the Beth- 
lehem Iron Company, gave highly satisfactory results, and is beyond doubt 
the most resisting "service" armor plate ever submitted to trial. 



It may be said that in the manufacture of this class of heavy steel foldings 
it is not yet the usual practice to aim at the highest attainable combination of 
physical qualities, and that, therefore, there is a wider field tor improvement 
in this direction than in the case of forcings for guns for armor plate. " 



WIRE-WOUND GUNS. 

)M A PAMPHLET ENTITLEII " MANUFACTURK OF HEAVY ORDNANCE, j 
WITH SPECIAL REFERENCE TO WIRE CONSTRUCTION," 
BY W. H. JAQUES, ORDNANCE ENGINEER. 



The following is an extract slightly rearranged ; " Dr. Woodbridge having 
been given the credit of priority of invention, and being an American, his 
plans were adopted and followed until very recently, when two new types, 
the Croiier, called the Department gun, and the Brown Segmental Tube Wire 
gun, were recommended for test. The consequence is that one Woodbridge 
gun was tried and tailed, another has been condemned as being of too low 
power, and three others await trial and completion. One of these is a 5-inch 
navy breech -loading rifle, awaiting brazing and test. These together with 
the Crorier and Brown constitute our eiperimentation in wire-wrapped 
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ordnance. Other syslema and types have been suggested, but difficultiea of 
various kinds have prevented their completion. 

" The lo-inch wire- wrapped breech -loading steel rifle built under the super- 
vision of Dr. Woodbridge is practically completed. It consists of a continuous 
steel lube, overlaid throughout its rear half with a cylinder of closely fitted 
steel staves, the whole wound with tinned steel wire, lo be soldered or brazed 
in an oven. The whole length of the gun is divided into three sections by 
steel rings or bands, and forward of the stavra the wire is wound directly 
upon the steei tube. It weighs 30 tons; is 27 feet long; the projectile weighs 
600 pounds. The staves were annealed at the Washington Navy Yard. 
They were 24 feet long, four inches square, and weighed 1190 pounds each. 

" The tension of the wire of the Woodbridge gun is adjusted and automat- 
ically regulated by a wire-tension apparatus patented by Dr. Woodbridge in 
1B85. The tensions of winding for the different layers are intended to give, 
when the interior pressure shall reach a little more than So,ooo pounds (ler 
square inch, an extension to the wire overlying the chamber, in all its parts, 
equal to that due lo a tension of 100,000 pounds per square inch ina"free" 

" There are two features to the construction which Dr. Woodbridge considers 
important : to so machine and shape the longitudinal slaves as to obtain a 
condition that will allow the employment of the whole contractile effort of the 
wire in opposition to the interior pressure, instead of having the re.?istance 
of (he staves taking a share in it; and to winding wire with a curvature in 
order to reduce ila tendency to unwind if cut. The accomplishment of the 
former would be accompanied by many mechanical difficulties, while the 
latter would scarcely seem to meet all the conditions of protection needed 
against the attack of heavy rapid-fire guns. 

"The Board of Ordnance and Fortification, in its report for 1 892. states (hat 
the Crozier wire-wound lo-incli breech -loading rifle, also known as the 
Ordnance wire-wound gun, being made from designs of the Ordnance 
Depiartment, is approaching completion at the Army Gun Factory a( Wa(er- 
vliet. This gun, as stated in the farmer report, consists of a steel tube, 
overlaid from breech to muzzle with a practically continuous covering of steel 
wire wound in layers, with a jacket cylinder enveloping the steel wire over 
the reinforce and a continuous layer of steel hoops covering the wire from the 
trunnion band forward to the muzzle. The coils of wire are electrically welded 
end to end, so that the gun is wound with a continuous strand of wire. The 
breech mechanism is of the usual service type. This high-power gun will be 
completed, and will doubtless be tested, during the coming year. 

" Captain Crozier advocates the use of castings for (he jackets, but in this 
particular gun 1 believe the jacket is a forging. The general idea of the type 
IS to have the wire as little interrupted as possible by hoo]:^, etc., between the 
breech and the muzzle ; to have the jacket take the longitudinal strain ; and 
toao arrange the general construction that no part eicept the lube need be of 
expensive material, without any sacrifice of strength thereby. 

"The Brown wire gmi consists essentially of a segmental core wound with 
wire under such tension that the compression between the longitudinal seg- 
ments of Che core induced thereby will be more than sufficient to resist iJl 
ordinary powder pressure. The longitudinal segments are primarily held 
together by a breech and muzzle nut screwed on hot, with the proper degree 
of shrinkage, so that the tension of the nut and adjoining wire will be the 
same after winding. The wire is wound between the nuts under a high 
degree of tension, and anchored by a special device. The trunnions ore not 
attached to the core or body of the gun but to an outer trunnion jacket, which 
jacket is attached to the gun proper by means of the breech nut. By this 
means the recoil is transmitted to the trunnions through the breech nut and 
jacket, and the core or body of the gun is thus relieved from the major part 
' " e longitudinal thrust due to powder pressure upon the bottom of the 
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bore. The gun itacif is free to expand lon^tudinatly 

which is attached only to the breech nut. The essential fi 

ol course, Ihe segmental core. This core consists of a nui 

steel segments, the number being so regulated thai the 

a segment shall not eiceed one-half inch materially." . . . 

consists of a series of interlocking hoops shrunk on over 

from just in advance of Ihe trunnions to the muzzle, the 

held in place by a muzzle nut, the thickness of which and Ihe 

shrinkage being so adjusted that when completed the compression produced 

by the built-up muxzle nut will be the same as that produced by the wire 

and chase rings. 

"During the progress of the work, which has been extended over a period of 
three years, mechanical difficulties and the results uf the trials of experimental 
cylinders representing sections of the powder chamber gave reason for 
decreasing the number and increasing the size of the longitudinal segments 
and the necessity for the insertion of a lining tube to prevent Ihe entrance of 
the powder gas between the segments, which, in the case of one of the ex- 
perimental cylinders, was so great as to cause marked discoloration at the 
joints. The lining tube was inserted under initial tension and extended to 
about Ave or six calibers in advance of the front end of Ihe chamber. This 
tube can be removed and replaced by a new one whenever it becomes too 
much eroded for service. Recalling the unfortunate experiences of the Mait- 
land half-liners in England, this would appear to be but another invitation 
for the erosive action of the powder products. 

"The advantages claimed for the system are: 1. In consequence of the 
small weight of each of the component parts of the gun, crucible steel can be 
used economically, s. The small size of the segments and the ingot from 
which they are rolled admit of being carefully cast and uniformly forged, ao 
as to insure uniformity of metal, and of being thoroughly annealed. 3. They 
can be readily rolled into shape ; that Is, the method of construction is ex- 
ceedingly economical. 4. They can be thoroughly and conveniently inspected. 
5. The size and thinness of each segment insure a thorough and uniform 
tempering and annealing, if temper be considered desirable. 6. The siio of 
the segments admits of readily setting up conditions of special elastidty by 
cold work. This latter feature is by far the most important one in this systein 
of construction, as it renders it possible to use a character of steel far beyond 
anything heretofore employed in the core of a gun. 

"If Ihe segments compressed by the full elastic strength of the wire present 
an interior surface that can withstand the erosive action of Ihe powder 
products, wo must admit that Mr. Brown has supplied a method of forming 
the bore of the gun which has decided advantages ; but if recourse has to be 
had to a liner to resist erosion we return to a core that will not sustain the 
full elastic strength of the wire, and it probably will be more economical to 
use a steel tube of suitable dimensions than a combination of segments and 
thin liners, unless these liners, like the segmenls. are cold drawn, and tiius by 
a great amount of mechanical work rendered impervious to the serious 
ravages of the powder products, 

'■ Even if the Scinch experimental gun now approaching completion success- 
fully meets all the conditions thai its projector and engineer claim for it, it 
will still remain to be proved that all the mechanical conditions can be met in 
guns of larger calibers. The experiment is an interesting one, and if Ihe type 
is not abaohitely new the method of construction is, and all the theory in con- 
nection with it is being ably and fluently presented. 

"All accidents to wire- wrapped guns point to the absence of adequate longi- 
tudinal strength. After a careful consideration of the many devices that have 
been suggested to meet (his defect, that of supplying this quality by long 
forged steel hoops seems the simplest and most efleclive. 

"When considering the argumer ' '' . . .1 j. .. _. -.1 .. 
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saving of weight, remember that the reduction of weight in the gun must be 
provided for in carnage and recoil, and that we have now replaced the expres- 
sion *« heavy ordnance ** by that of *' high power ordnance,** because we have 
gained the power without additional weight of metal, and in many cases by a 
marked decrease of it. All welding can now be done by electricity; weak 
spots can thus be avoided and continuous winding easily effected. 

** When many of the objections to wire- wound guns were raised wrought iron 
and iron wire were generally employed, and the mechanical means of shaping 
and machining were more or less imperfect. Whitworth used some steel, and 
his mechanical devices led the world but were infants in comparison with pres- 
ent appliances. 

**The advantages claimed for the wire system of construction are : 

** I. That steel in small sections can be obtained that possesses greater 
strengjth than it is possible to get in any other form. 

** 2, That each layer can be brought truly to its correct tension. 

" 3. Flaws of manufacture can be easily detected, and if not discovered are 
confined to that part in which they exist. 

"4. The parts of the gun are light and can be more certainly and easily 
produced and assembled. 

"5. For their manufacture expensive and complicated plants are not 
needed. 

" In comparing the reported results of the tests of the various types we must 
not forget that these experiments have been carried on in various parts of the 
world, in places very far distant from each other, under different methods, 
inventors, and circumstances. In the majority of cases they have required to 
produce them mach special machinery which if employed in subsequent pro- 
duction would materially reduce the cost of the guns turned out. In some 
cases the inventors have been employed to superintend or advise concerning 
the construction or the preparation of tools or machinery necessary to carry 
out their special and in some cases peculiar ideas ; all these circumstances 
have combined to make the cost of the experimental guns very great. On the 
other hand, the inventors or advocates in estimating the comparative cost and 
time of production have given themselves every benefit. As these guns have 
never become commercial service products on any large scale (I believe Rus- 
sia has manufactured a larger number than any other nation), it is is impossi- 
ble to make any reliable comparison of their cost and the time required for 
their production.** 



PROTECTION AGAINST TORPEDO-BOATS. 

CONCLUSIONS DEDUCED FROM ITALIAN NAVAL MANCEUVRES. 

[Royal United Service Institution.} 

Ships should resolutely avoid passing the night at anchor in positions 
exposed to the attack of torpedo-boats if they have not the means to provide 
special and efficient systems of obstruction; also, in fortified positions which 
can only be considered inaccessible to the enemy's ships, obstructions for tor- 
pedo-boats are absolutely indispensable, and it will be the best thing to pro- 
vide them for all passages, bearing in mind that it is better to bar the exterior 
passages completely rather than the inside channel of access. When the 
approaches are in this way so closed that only narrow stretches of water 
remain open, which are more or less permanently illuminated by the electric 
light projectors and covered by the artillery, the field of fire being constant 
and localized, there will be very great certainty that no torpedo-boats will be 
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able to penetrate the defenses. For the land defenses, no dependence a 
placed on the projeclora unless they are so placed as to permanently lUuminattf 
well-defined spaces ; the batteries of light guns should be situated at a distance " 
from the projectors so as not to be embarrassed by them, and each one directed 
to cover with its fire a given illuminated lone and nothing more ; Ihe 
enemy should not be searched for by moving Uie projectors ; the batteries of 
quick-tiriiig guns should open tire on anything floating which attempted to 
pass the respective illuminated zones. 

In this way the internal service of patrol can be suppressed or very greatly 
simplified; this service is very difficult to make effective and is likely to give 
rise to serious inconveniences in the darkness and inevitable confusion of an 
attack. The movable defense will be most usefully employed exclusively in 
the service of first discovery of the enemy, and need not come into harbor, 
unless by day, but will maintain communication by signal with the advanced 
toob-out stations; on occasion, a counter-attack against the approaching 
enemy might be attempted, obliging him lo delay or modify his attack, or to 
give it up altogether. If all the problems of internal reconnoitring and 
signaling are suppressed, the exterior guard would be much more simple and 
efficient, and it would be certain that any floating object discovered by the 
ships inside the limits would be an enemy. In connection with this subject il 
may be observed (hat at the moment of the attack above described, and just 
at the time when the passes were being forced by the enemy, the Iride 
opened fire on two of her own torpedo-boats which were thought (o belong to 
(he enemy, and would mos( certainly have sunk them ; besides this, one 
could never be certain (hat the defending batteries would not mistake one of 
their own torpedo-boats for one of the enemy's. The anchored ships should 
be kept ready with theirlightgunswithout using their electric light projectors, 
'as the latter, besides revealing the exact position of the ship to any torpedo- 
boat which might have succeeded in penetrating inside the defenses, are more 
injurious than useful, either for discovering or battering the enemy. It is not 
possible fo foUow the movements of a torpedo-boat efiectively by moving the 
projectors, and it is impossible to open Fire on her with any certainty of hitting 
her ; it is, therefore, much better to keep a good look-out and open fire with- 
out the projectors. II is certain that a torpedo-boat which has succeeded in 
entering would have a good chance by charging blindly right against the 
ships, even at (he risk of running ashore ; the projectors of the ships would 
frequenUy render her final course more certain and secure if they were used. 
We may reason in the same way on the employment of projectors by squad- 
rons or single ships in the open sea when fearing attack by torpedo-boats ; 
and the fact is indisputable that the electric light at the commencement will 
render the best service to the torpedo-boats by indicating to them the position 
of their enemy; and for the rest, the boats will provide for a good result if 
they are fast, sufficient in number, and ably and boldly directed. The project- 
ors, useful for the defense of passes and approaches, may also serve tor the 
first discovery of the enemy, for daizling him and rendering navigation, from . ( 
a hydro graphical point of view, most ditKcuU, and also on board ships for . 
signaling at a distance ; they should, however, be employed with prudence I 
for the latter service. With regard to the obstructions, if it is possible to con- I 
struct them, the best will consist of dykes and shoals, leaving very few anit ' 1 
narrow channels, as, whatever fittings, instruments, and gear maybe invented 1 
for the purpose, the best and most infallible means for stopping a torpedc^- J 
. boat will be an insufRcent depth of water. 
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TRIAL OF SCHNEIDER'S NICKEL STEEL ARMOR 
FOR RUSSIA. 

[TAe EiighKi!r.~\ 

\ escelleni statement of the coiidiliona of a recent trial of nickel stcEl 
armor, at Crousot, for the new Russian battleship Tria Sviatilelia— Tliree 
Saints — appeared in the Timei of September 9th last. The plate measured 8 ft. 
by 8 ft. \iy 15.9 in. It, therefore, prubaLly weighed nearly iSW tons. The 
conditions of acceptance were that it should receive four blows from Holtier 
projectiles of chrome steel, weighing 317 lbs. each, fited from a 9.4.in. gun, 
with a striking velocity of 1945 foot-seconds, without any portion of the plate 
being broken off, while in no case should the "base of the projectile " enter 
7.S in., measured from <he face. The exact words used are " penetrate the 
tari^et to a depth of as much aa 7,8 in," The four rounds were delivered at 
the cornets of an imaginary square of 4 ft. sides. 

Round \. — Had a velocity of aooi foot-aeconds ; the shot's point entered 
14.1-in., and the projectile rebounded "with the point smashed, and the 
shoulder somewhat set up." " The target showed tliree very fine cracks run- 
ring from the wound." 

Hound 2, — Striking velocity, 1948 foot-soconda ; penetration of point, 10.9 
in. The projectile rebounded, broken into numerous fragments. Three fine 
cracks, as before, were developed in the plate. 

Round 3. — Striking velocity, 1923 foot-seconds ; penetration of point, 14 in. 
The projectile rebounded with the head smashed, and the cylindrical part 
somewhat set up. A single fine crack was developed. 

Rnvnd 4 — .Striking velocity, 196a foot-seconds ; penetration of point, 9.9 in. 
The projectile rebounded, broken into numerous fragments. There were no 
fresh cracks, and the old ones were not increased. 

At the back the bulges behind the points of impact varied from i in. to 1.7 
in. high. Behind l ands were some fine cracks. 

To Messrs. Schneider is the credit due of having first applied nickel to the man- 
ufacture of armor, and of having been long the sole manufaclarers of through 
steel armor, which is now universally approved. Rare indeed is it for Messrs. 
Schneider to make a bad plate, and this plate is a very good one indeed. 
Messrs. Holteer's projectiles have long been taken as the standard of highest 
eicellence. These facts being so, it is interesting to compare the above trial 
with recent American and English results. In a trial which took place at 
Indian Head, on July nth last, a Bethlehem all steel nickel-plate, 17 in. thick, 
was attacked by a 12 in. gun, firing forged-steel Carpenter projectiles with 
varying velocities. The second round most nearly corresponded to the 
results now before us- The velocity was much lower, namely, 1495 foot- 
scxonda, but the theoretical penetration and the shock per ton were not ao 
much less as to prevent comparison. On the English system the theoretical 
conditions are as follows : Schneider plate, 3d round, theoretical perforation 
through iron 17.36 in., the plate being 15.9 in. thick. Bethlehem plate, 2d 
round, thetiretical perforation 19.1)! in-, the plate being 17 in. thick. The 
energies per ton of plate were respectively 483 and 425 fool-tons. The 
Schneider plate was therefore more severely tried as to fracture, and it may 
bo noted that it exhibited a alight hair crack. The shot entered much more 
deeply in the Betlilehem, which, we think, was decidedly softer than Schnei' 
der's ; undoubtedly both plates were eicellenl. To come to the projectiles, it 
can hardly escape observation that lloltxer's larger projectiles do not behave 
as well as those for his 6-in. gun. It may be well expecting a good deal to ash 
that 9.4-in. projectiles should rebound intact after impact at over igoo ft. 
velocity on steel, although the 6 in. projectiles will often do this. The Car- 
penter l2-in. projectiles rebounded apparently uninjured from the Bethlehem 
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plate at, after striking, 1838 ft. velocity. It may be urged that the Bethlehem 
plate was rather softer, and at this velocity it was over matched. Still, making 
all allowance, the fact remains that, putting fracture aside, the Holtzer 8-in. 
projectiles at Indian Head, America, have been regularly and symmetrically 
setting up, and here, on this occasion, the 9.4-in. projectiles in two cases set 
up as well as breaking up. A projectile ought not to set up under any circum- 
stances. Consequently, we think that Holtzer's larger projectiles cannot at 
present claim at all the high character that the 6-in. ones have maintained. 



LENGTHENING A LARGE OCEAN STEAMER. 

[Engineering. ] 

The North German Lloyd's mail steamer Bayern, which has just gone out 
from Southampton for China has been lengthened to the extent of 50 ft., and 
her tonnage increased to 5600 tons. The vessel was found too small for the 
eastern trade, and it was decided to lengthen her, and the ship was handed 
over to Messrs. Blohm and Voss, in Hamburg. She was placed in dry dock, 
and was severed amidships forward of the engine-room. The fore part was 
drawn forward 50 ft. by specially devised hydraulic gear, and a complete 
water-tight compartment 50 ft. long built to connect the two parts, and the 
necessary strengthening effected. The Bayern is now 450 ft. long, and in the 
new part a main saloon was reconstructed, the other public rooms being 
rearranged and enlarged. The addition to the cargo-carrying capacity is 8476 
cubic feet, while a larger number of passengers may be carried. A sister ship, 
the Sachsen, is now being lengthened in the same way. Of course many such 
lengthening operations have been carried out, the P. and O. Company having 
lengthened several of their boats in recent years, while the Union Company 
are having the Moor lengthened by Messrs. Thomson. Nevertheless, this is 
another step forward of the German shipbuilders, for nothing of this nature on 
such a scale has hitherto been tried. 



EXPERIMENT ON A SUBMARINE BOAT. 

At Newport, on December i6th, an experiment was made in submarine 
explosion. A torpedo-boat, cigar-shaped, was submerged 15 ft., and in it were 
placed a pair of pigeons, a pair of rabbits and a pair of cats. About 430 feet 
away from the boat, and submerged at an equal depth, was a torpedo con- 
taining 76 lbs. of gun-cotton. This torpedo was fired by an electric cur- 
rent. 

On approaching the submerged boat a quantity of bubbles were found to be 
ascending, which indicated that the boat had been ruptured, and on examina- 
tion the boat was found to have sunk. 



RAMMING A DERELICT. 

A most profitable experiment is said to have been executed by the San 
Francisco, October 2, on her way from New York to Key "West. Right in 
the track of commerce she found a lumber-laden schooner afloat. Boats were 
sent to fasten gun-cotton torpedoes to the hulk, and these were attached at 
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different places so as to hang beneath the keel. They were exploded by elec- 
tricity, but ten of them failed to break the vessel up and release her cargo, the 
latter being waterlogged and jammed. 

Finally, after officers and crew had worked from early morning until evening 
to destroy the worthless craft, Capt. Watson of the San Francisco made up his 
mind to resort to war methods. Calculating his distance at about a quarter of 
a mile, he put on a full head of steam and aimed his ship straight at the dere- 
lict. Striking her at full speed, the steel beak of his ship passed through the 
schooner like a knife through paper, cutting it in two amidships. It was a 
fair illustration of the irresistible power of the ram. The halves of the hulk 
drifted apart, and to make the work complete, half-a-dozen shells were fired 
into the after part, breaking it up. 



SHIPS OF WAR OF THE UNITED STATES. 

THE COLUMBIA. 

The board to conduct the official trial of the U. S. S. Columbia report that 
she is sufficiently strong and well built in all particulars to meet the require- 
ments of the specifications ; that the mean speed of the ship in two runs over 
a course of 43.968 geographical miles was 22.80 knots an hour under forced 
draft, with average air pressure of nine-tenths of an inch, due allowance being 
made for the tide. So far as could be determined from the brief experience of 
the trial, the Columbia possesses in a marked degree the qualities of steadi- 
liess, seaworthiness and ready obedience to her helm. The performance of 
the engines, boilers and dependencies was excellent. The board noted with 
satisfaction the ready obedience of the vessel to her helm and that during the 
run the ship was well steered from point to point of the course. The vibra- 
tion was greater than was observed on the trial of the New York, but no 
greater than should be^expected of a vessel of such length and great power of 
engines. It appeared to reach a maximum at from 85 to 95 revolutions per 
minute ; at a higher speed diminished somewhat. While at full speed on this 
passage with two screws the helm was shifted from amidships to 30 deg. star- 
board in 10 seconds, and from 30 deg. starboard to 30 deg. port in 17 seconds. 
Trouble was found, however, in water collecting in steering cylinders. 

The chief dimensions and particulars of her are : Length on load-line, 
412 ft. ; moulded beam, 58 ft. ; mean normal draught, 22 ft. ; displacement, 7350 
tons; indicated horse-power, 21,000; coal capacity with normal draught, 750 
tons ; maximum coal capacity, 2000 tons ; radius of action at 10 knots, 26,240 
miles ; guaranteed sea speed, 21 knots. The magazines, engine-rooms, and 
vitals are protectected by an over-all steel deck, varying from 2^ in. to 4 in. 
thick. One screw is immediately before the rudder, on the centre line of the 
ship, and is a four-bladed screw of 10 in. more pitch than the two others, 
which are placed one on each quarter, 15 ft. forward of the middle screw and 
4 ft. 6 in. above it. These are triple-bladed. Each screw has independent 
triple-expansion vertical inverted engines. With the middle screw alone a 
speed of 15 knots can be attained ; with the quarter screws alone a speed of 
nearly 19 knots. Steam is supplied by eight main boilers, placed in four 
separate compartments, and carrying 160 lbs. per square inch as their working 
pressure. The armament, in addition to six torpedo ejectors, is to be composed 
of one8-in., two6-in., twelve 4-in. rapid-firing, sixteen 6-pounder rapid-firing, 
ei'^ht i-pounder rapid-firing rifles and four Gatling guns. The 8-in. gun will 
be mounted as a chaser ; the 6-in. guns will be mounted one on each bow ; the 
4-in. guns will constitute the broadside armament. The subdivisions of the 
vessel, which is furnished with a ram, are so arranged as to form a complete 
double hull below the water line. 
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THE OLYMPIA, 

The U. S. cruiser Olympia was launched at the Union Iron Works, San 
Francisco, on November 5, 1892. She is practically an improved Charleston. 
Her principal dimensions and particulars are : Length on water-line, 340 feet; 
breadth molded, 53 feet ; normal mean draught, 21 J feet; displacement corre- 
sponding, 5500 tons ; indicated horse power on trial estimated, 13,500; 
guaranteed speed on trial, 20 knots; sustained sea speed, 19 knots; maximum 
coal capacity, 1300 tons ; complement of men, 463. A complete protective 
deck is worked 2 inches thick on the flat throughout, 4} inches on the slopes 
amidships and 3 inches on the slope forward and aft. A water-excluding belt 
2 feet 9 inches thick extending 4 feet above the water-line is worked above 
the protective deck, completely surrounding the ship. The engines are 
vertical, direct-acting, triple -expansion, driving twin screws. The cylinders 
are 42.59 and 92 inches in diameter, by 42 inches in stroke, and it is expected 
that the I. H. P., will be 13,500. There are six steel boilers, designed for a 
working pressure of 160 pounds, each 15 feet 3 inches outside diameter, with 
shells 14} inches thick; four are double ended and 10 feet ii^ inches long. 
Forced draft is by closed fire-rooms, and there are two smoke-pipes. 

The battery consists of four 8-inch breech-loading rifles, ten 5 -inch rapid- 
firing guns, twenty-four 6- pounder rapid-firing guns, six i-pounder rapid-firing 
g^ns, four Catlings and six torpedo-tubes. The 8-inch guns are mounted on 
the main deck forward and aft on the centre line in elevated barbettes 
4 inches thick, with turrets around the guns. The latter are about 10 feet 
above the deck and have very great train. 

The Olympia left her anchorage at Santa Barbara, Cal., at 6.30 A. M., Dec. 
15, and took a run of about two hours before starting on her official trial. 
The ocean was like a big mill pond, and was only ruffled by the cruiser her- 
self as she sped through the water, sending spray over her bow until the 
decks were dripping. From Coleta Point to Point Conception quite a swell 
was running, but not enough to retard her headway to any extent. The 
machinery worked perfectly, and during the trial there was not the slightest 
break. She made a corrected mean speed of 21.6 knots. This will give her 
builders a bonus of $300,000, the highest premium yet earned by one of the 
new ships. The draught was 4 in. greater than the requirements. She 
maintained nearly the same speed from one end of the course to the other, 
making no notable spurts. Being pressed over the whole course, the highest 
which she reached was 22.2. An average of 140 revolutions was made — ^the 
highest was 142 and the lowest 137 — under steam pressure of 165 to 168 
pounds. 

At 1:09:30 the Olympia finished her trial trip. Before returning to the 
harbor, she put out to sea for the purpose of testing her steering gear. 

THE MARBLEHEAD. 

The U. S. cruiser Marblehead realized on her trial a mean speed of 18.44 
knots. The contractors intended to have a second trial, as a speed of 18.5 
knots would have given them a premium of $150,000, or $25,000 more than 
they will get under existing conditions; it is to be remembered that the sister 
ship Detroit made 18.7 knots. But the cost of fitting out the observation 
vessels, which would have been charged to them, the cost of the trip and the 
risk of a break-down have deterred them from making a second efibrt and she 
will become a part of the Navy with her record as it stands. 

LAUNCH OF THE OREGON. 

The U. S. coast-line battle-ship Oregon was successfully launched from the 
yard of the Union Iron Works, at San Francisco, Cal., on Thursday, Oct. 26. 



PROFESSIONAL NOTES. 495 

The Oregon is one of the three ships the bids for which were opened at the 
Navy Department on October i, 1890. The two sisters of the Oregon are the 
Massachusetts and Indiana, both of which have been constructed at the yard 
of the Messrs. Cramp in Philadelphia. 

By a provision of the act of Congress authorizing their construction it was 
directed that one of the three vessels should be built on the Pacific coast, and 
the contract was awarded to the Union Iron Works, of San Francisco. The 
appropriation for each ship was $4,000,000, exclusive of armament. The 
Oregon is similar in all respects to her sister vessels. 

LAUNCH OF THE CINCINNATI. 
The Cincinnati was launched Nov. 10, at the New York Navy Yard. 

GUNBOATS 7, 8 AND 9. 

Gunboats 7, 8 and 9 are to be built by the Newport News Co. Their bid 
for the three vessels was $840,000. 



ENGLAND.* 

THE REVENGE. 

The principal dimensions of H. B, M. first-class battleship Revenge are as 
follows : Length 380 feet, beam 75 feet, load displacement, at which she has a 
mean draught of 27 feet 6 inches, i4)i5o tons. She has been fitted by her 
builders with triple-expansion twin engines, to indicate 9000 horse-power 
under natural draught and 13,000 under forced draught, supplied with steam 
from eight circular single-ended boilers, each having four furnaces, the total 
heating surface being 21,600 square feet. The working pressure is 155 pounds 
per square inch. 

As the ship was light in the water by fully 2 feet of her designed load 
draught — 27 teet 6 inches — the speed results on the trials do not of course 
agree with the calculated ones ; but the mean results attained with the vessel 
at her mean draught of 25 feet, on the eight hours* natural draught full power 
trial, on November 7, were as follows : With an air pressure of only .19 inches 
in stokeholds, steam was maintained at 149.8 pounds pressure per square 
inch, the vacuum in starboard and port engines was 28.5 and 28.3 inches, 
the corresponding revolutions 96.3 and 96.8 per minute, and the resultant 
indicated power developed by them 4614 and 4563 respectively, or a total of 
9177 horses, being 177 in excess of that contracted for, the average speed with 
this power attained by the ship being 17.375 knots an hour by log. 

The mean results attained on the so-called forcfed draught trial on the 9th 
Nov. — the air pressure in the stokeholds being only .46 inch — were as follows : 
The steam pressure was 146.8 pounds per square inch ; the vacuums, 28 and 
28J inches; the revolutions, 101.6 and 102.3; ^"^ t^© developed indicated 
power, 5694 dnd 5830 horses for the starboard and port engines respectively ; 
the resultant speed of the ship by log being reported to be 17.5 knots per 
hour. The g;ross horse-power indicated on this trial, it will be seen, amounted 
to 11,524 horses, showing that under ordinary conditions of working — ^wherein 
half an inch of air pressure is always allowed to the contractor — ^the full 
designed power of 13,000 horses could be easily developed under the greater 
air pressure used on the trials of similar ships prior to the developed testing 
power being reduced by Admiralty order to 11,000 horses. 

*The particulars of foreign ships of war, except those of the Re Umberto, are taken from The 
Engineer or Engineerings or both. 
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THE BARFLEUR. 

The Barfleur, first-class battleship, sister ship to the Centurion, built at 
Chatham and engined by the Greenock Foundry Company, is with her sister 
a pair of battleships of a new type, and of smaller size than the Revenge. 
Her general dimensions are : Length 378 feet, breadth 70 feet ; load displace- 
ment 10,590 tons, with a draught of 25 feet 6 inches. She is fitted with triple- 
expansion twin engines to develop 9000 indicated horse-power under natural 
draught, and 13,000 under forced draught. There are eight circular boilers 
with four furnaces in each, made for a working pressure of 150 pounds per 
square inch. The tubes are 2 J inches diameter, fitted with cup ferrules at 
the fire-box ends. 

The full power natural draught trial which was to have been of eight hours' 
duration, but through darkness coming on, was curtailed to seven, took place 
on the 9th Nov., at which the following mean results were attained : The 
stokeholds being under no air-pressure throughout the day, steam was main- 
tained at 148.5 pounds pressure per square inch, the vacuum was 27.3 inches 
and 27.7 inches ; the revolutions 95.3 and 95.9 per minute, and the developed 
indicated powers 4962.2 and 4932.2 horses for the starboard and port engines 
respectively, or an aggregate power of 9894.4 horses, giving the ship a speed 
of 17.165 knots per hour by log. 

The continuous four hours* full power trial under forced draught took place 
on the nth Nov., and gave the following mean results : With an air pressure 
of 1.4 inches steam was maintained at a mean pressure of 142.4 pounds per 
square inch, the vacuum reached 27.7 inches and 27.4 inches, the revolutions 
were 104.8 and 105.6 per minute, and the developed indicated powers were 
6580.4 and 6582.7 horses in the starboard and port engines respectively; the 
total power of 13,163.1 horses giving the ship a speed of 17.537 knots per hour. 
It will thus be seen that the excess of power developed by the engines over 
that contracted for was 894 horses in the natural and 163 in the forced draught 
trials ; a result which was considered highly satisfactory, as in the case of the 
natural draught trial a maximum power of 10,615 horses was developed in 
one hour, and 10,070 horses for two consecutive hours, notwithstanding that 
the wind was high and the sea very rough, 

THE CENTURION. 

On October 6, 1893, H. B. M. S. Centurion, went out for her steam trial 
under forced draught. The average deep sea speed of ship, as recorded by 
log, was 18.51 knots, which, though believed to be below the actual perform- 
ance, is the greatest speed which has hitherto been attained by an armor- 
clad. 

The Centurion, which was laid down at Portsmouth in March, 1891, and 
engined by the Greenock Foundry Company, went out September 19, for her 
contractors* eight hours' trial with natural draught. She is of 10,500 tons dis- 
placement, and forms, with her sister ship, the Barfleur, a distinct type of 
first-class battleship. Of light draught compared with most armorclads of 
her size, she was designed to be able to pass through the Suez Canal with a 
large quantity of coal on board, being in all other respects fully laden. Her 
mean load immersion is 25 ft. 6 in., and her estimated speed in this condition, 
under natural draught is 17 knots. Her trim on trial was 25 ft. forward 
and 26 ft. aft, so that the average draught was exactly that of her designed 
draught. The trial proved eminently satisfactory. With a boiler pressure of 
146J lbs. and a mean of 96 revolutions the starboard engine developed 4785 
and the port engine 4918 horses, or a total collective horse-power of 9703. 
The contract was for 9000. The mean air-pressure amounted to o.i8 in,, 
and the coal consumption to 1.9 lbs. per indicated horse-power per hour. The 
average speed realized during the eight hours* steaming was 17 J knots by log. 
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new torpedo-boat destroyer, Havock, on lier first trial, October 28, 
1 bad weather, realized a. mean speed of 26.78 knots per hour, the 
engines, with steam at 165 lbs. pressure, making 362 revolutions pier minute, 
and indicating 3400 horse-power ; the air pressure in the stokehold during 
the trial — which was of three hours' duration — seldom esceedin^ half of that 
allowed— s in.- — by the Admiralty in this class of vessel. This (rial, which 
was considered by the oBiciala preseiil highly successful and conclusive as a 
test of speed, was followed on November 3. by an eight hours' steaming trial 
for the purpose of determining (be coal endurance and radius of action of the 
vessel at an economical speed. With aiity tons of coal — her ordinary bunker 
capacity — it was found that a ten-knot speed could be maintained with 3^ 
cwt., and that at eleven knots the consumption would not reach a quarter of 
a ton per hour, thus enabling the vessel to cover at least 3500 knots before 
it would become necessary to re-coat her. The official trials are thus satis- 
factorily concluded, the last one, of course, not being intended eitlier as a 
test of speed or of power developed, but merely to show the capabilities of 
the vessel under ordinary conditions of working. 

In appearance, the Havock looks but little different in form and size from 
a lirst-class torpedo boat uf the Yarrow type. Her dimensions are ; Length 
iBo ft., breadth 18 ft. 6 in., and displacement ata mean draught of 6 ft. about 
210 tons. She has but one deck, at the forward end of which is a long turtle- 
back covering in a lofty forecastle, in which the greater part of the crew is 
berthed. The middle part of the vessel is occupied by the engines and boilers, 
and in the after part are the artificers' and ofRcers' mossrooms and berths. 
She is fitted with triple-expansion twin engines, each having three inverted 
cylinders of iS in., z6 in. and 39J in. diameter, and 18 in. piston stroke, 
capable of developing 3500 indicated horse-power, which are supplied with 
steam by two locomotive type marine boilers, fitted with copper Hre-boies and 
copper tubes, having a total healing surface of about 5000 square feet, and a 
grate surface of 80 square feet ; the boilers being designed for a working pres- 
sure of iSo lbs. per square inch, and capable of generating sufficient steam 
for 3600 horse power. 

The Havock is armed with one la-pounder quick-firing gun placed on the 
forward conning tower, and having a practically all-round range ; two similar 
6-pounder guns, one on each side ; and one 6-pounder gun on a high mount, 
near the stem. Three l8-in. torpedo lubes are also fitted, one being fixed in 
the stem for right ahead tiring, and the other two swiveling, for side firing. 
With her liigh speed and powerful armament, the Havock, it is Inferred, will 
be capable of overhauling the fastest torpedo-boat now afloat, and able tn 
cope with any two of them. From the marked success attained by her on her 
official trials, the authorities at the AdmJrally have since ordered no less than 
thirteen similar vessels to be constructed by leading builders of such ships, 
which, when completed, should put the liritish Navy in a position to cope 
with the torpedo flotilla of any power. 



The official full power trial of the Theseus was successfully completed 
December 20, when with the engines running for seven consecutive hours, 
with a mean boiler pressure of 149.4 "j- P^f square inch, maintained with 
.43 in. of air pressure, they attained a mean speed of 96,2 and 96.3 revolu- 
tions per minute, the vacuum being 27.24 and 27 ; and developed 5315 and 
J293.4 horse power in port and starboard engines respectively, or a gross 
indicated horse-power of to.608.46, being 60S.46 in excess of that contracted 
for, giving the ship, which had a mean draught of 23 ft. jj in. at the time, a 
speed of 18.66 knots an hour by log. 



« 
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The Theseus is of the same dimension as her sister ship the Grafton, viz.: 
360 ft. long, 60 ft. beam, and 7391 tons displacement, at which her mean 
draught is 23 ft. 9 in. She is fitted with independent twin engines — in sepa- 
rate engine-rooms — of the inverted three-cylinder triple-expansion type, each 
engine driving a three-bladed screw propeller of 16 ft. 9 in. diameter. Steam 
is generated in eight single-ended four-furnaced circular tubular steel boilers, 
each 16 ft. 2 in. diameter, and 9 ft. 10 in. long, having a total heating surface 
of 24,416 square feet, and a g^te surface of 730 square feet, all made for a 
working pressure of 125 lbs. per square inch. 

Throughout the official trial the weather was very rough, it blowing half 
a gale of wind all day with a heavy sea, and as more than half of the trial 
was done against both, it was considered a highly successful and satisfactory 
one. 

THE ROYAL OAK. 

The Royal Oak is the last of the eight battleships ordered in 1889 ; four of 
which were to be built and engined by contract, the hulls and fittings of the 
remaining four being built in the Royal Dockyards, and fitted by contractors 
with their main and auxiliary machinery. The whole of them have now 
passed the ordeal of their official machinery trials with very great success. 

The principal dimensions of the Royal Oak are : Length, 380 ft.; breadth 
extreme, 75 ft.; displacement at a mean draught of 27 J ft., 14,150 tons. Her 
propelling machinery consists of two sets of triple-expansion twin engines, 
each having three inverted cylinders of 40-in., 59-in. and 88-in. diameter 
respectively, with a piston stroke of 51-in. They each drive a four bladed 
gun-metal screw propeller 17-ft. diameter and i8-ft. pitch. The engines are 
designed to develop 9000 indicated horse-power under natural, and 11,000 
under forced draught. Steam is supplied by eight single-ended circular Scotch 
boilers, each 15 ft. 4 in. in diameter, and 9 ft. 4 in. long, having four corru- 
gated furnaces 3 ft. 4 in. in diameter; the total heating surface being 20,174 
square feet, and the grate surface 710 square feet. The cooling surface in 
the main condensers is 14,500 square feet. 

Tho propelling engines of the Royal Oak are similar in design to those of 
the other seven battleships built under the Naval Defence Act, but have that 
difference in detail which is invariably foujid in engines by different makers ; 
the steam cylinders in her case being supported in front and rear by round 
steel columns well stayed together and stiffened by. cross bracing. As in all 
modern first-class engines, the crank shafts are in three pieces bolted together, 
but made interchansjeable. Piston valves are fitted to the high and interme- 
diate pressure cylinders, and ordinary double-ported flat valves to the low- 
pressure ones, all the valves bein^ actuated by double eccentrics and twin bar 
link motions, the reversing gear being of the all-round type. 
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A turther addition was made to the British Navy by the launch fri'm 
Chatham Dockyard of the new aecond.ctasa protected twin-screw cruiwer 
Forte, one of the group of eight of the same class ordered to be built under 
the Naval Defence Act of 1889 in the Royal dockyards. Her first Iteel- 
plate was laid On September 2, iSgi, and she is of the following dimensions: 
Length between perpendiculars, 320 ft.; extreme breadth, 49 ft. 6 in.; and 
displacement, at a mean draught of 19 ft., 4385 tons. Her hull, with the 
exception of stem, stern and rudder posts, is built of steel. Like other cruisers 
of the same class, she has no side armor, but is fitted with a steel protective 
deck throughout her length, and has an armored steel breastwork 5 in. thick 
for the protection of her machinery; and being intended for foreign station 
service, is wood-sheathed. She will be fitted with triple-eipansion three- 
cylinder twin engines constructed at Chatham Dockyard, designed to develop 
9000 indicated horse-power under forced draught, with which she is expected 
to attain a speed of 19^ knots an hour. Steam will be supplied by eight 
single-ended three -turn aced circular boilers, made for a working pressure of 
155 lbs. per square inch. The Forle will be armed with two 6-in., eight 4.7-in. 
and eight 6-pounder quick-firing. guns, seven .4S-in. machine — Masim — guns, 
and one 3. pounder and one 9-pounder rifle muKde-loading guns. She will also 
be fitted with two fixed 14-in. torpedo tubies — one being in the stem, and one 
at the stern, for fore-and-aft firing ; and two swiveling tubes of the same size 
for side firing. 
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FRANCE. 

LATE ADDITIONS TO THE FRENCH NAVY. 

Four new warships have been added to the navy of France, named respect- 
ively the Charles Martel, the Bugeaud, the D'lberville and the Lansquenet. 
Of these, the Charles Martel, built at Brest, is a first-class battleship, the 
largest as yet built in France. Her dimensions are : Length, 380 ft. 6 in. ; 
breadth, 72 ft. I in.; and displacement, at a load draught of 27 ft. 6 in., 11,822 
tons. She is to be propelled by twin screws, driven by engines of 13,500 
indicated horse-power, which are expected to give her a maximum speed of 
17} knots. She has a steel protective deck over her machinery and boilers, 
2.7 in. thick. Her armor belt is of steel, of a maximum thickness of 17J in. 
At either end of her central battery is an armored turret, made of steel plates, 
I4i in. thick, in which is mounted a single 11.8 in. 44-ton gun, and on each 
broadside, sponsoned out so as to admit of fore-and-aft fire, is a turret, armed 
with a single io.6-in. 34-ton gun. In lighter turrets, also on each broadside, 
are fitted four 5j-in., and in the upper works and tops four 9-pounders, 
twelve 3 -pounders and eight smaller quick-firing guns. The vessel has a 
bunker capacity for 800 tons of coal, and she is estimated to cost, when com- 
pleted, ;^987,ooo. The second vessel, the Bugeaud, is a second-class protected* 
cruiser of the largest type, being 308 ft. in length, 42 ft. 6 in. beam, and ha>'ing 
at a draught of 20 ft. 10 in. a displacement of 3722 tons. Her engines, which 
drive twin-screws, are of 9000 indicated horse-power, and designed to give a 
maximum speed of 19.2 knots per hour. There is a steel protective deck 
2.4 in. thick over her whole length. Her armament consists of six 6.2-in., 
four 3.9-in. and eight 3-pounder quick-firing guns, together with twelve 
I -pounder machine guns, and six torpedo tubes. The bunker capacity of the 
vessel is 600 tons, and she is estimated to cost, complete, ;^26o,300. Of the 
two other vessels lately launched, the D'lberville, built at Saint Nazaire, is a 
torpedo catcher, of a type the nearest equivalent to that of the British Alarm. 
Her dimensions are : Length, 262 ft. 3 in.; breadth, 26 ft. 2 in.; and displace- 
ment at an 11 ft. i in. draught, 925 tons. She is to be fitted with engines to 
develop 5000 indicated horse-power, estimated to give her a maximum speed 
of 2i| knots, which are to be covered with a light protective deck 6 in. thick. 
Her armament will be one 3.9 in., three 9-pouiiders and four I -pounder 
quick-firing guns. She will also be fitted with six torpedo tubes. Her cost, 
when completed, will be ;^i 17,960. The fourth vessel, th*e Lansquenet, built 
at Nantes, will be the largest and fastest of the French sea going torpedo-boats. 
She is 163 ft. 3 in. long, 15 ft. 7 in. beam, and at a draught of 4 ft. 2 in. will 
have 138 tons displacement. She is to be fitted with engines of 2800 indicated 
horse-power, driving twin-screws, and she is expected to'attain a speed of 26 
knots an hour. 

ITALY. 

THE ARETUSA, 

The Aretusa is a torpedo gun-boat 230 ft. long by 25 ft. 6 in. beam, and at 
II ft. 9 in. draught displaces 740 tons. Her armament consists of one 12- 
centimetre gun, six 6-pounders and three 3-pounder quick-firing guns, and 
three machine guns. She can launch five torpedoes simultaneously. 

The total weight of engines, boilers, water, spare pieces, etc., is 173 tons, 
making about 86 lbs. per indicated horse-power. The stroke is very short, 
owing to the necessity of bringing the cylinders below the protective deck. 
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The principal dimensions of the cylinders are as follows : 

Diameter of high-pressure cylinder 0'590 n^. (23.23 in.) 

Diameter of intermediate pressure cylinder 0.919 m. (36.18 in.) 

Diameter of low-pressure cylinder 1-375 ni. (54.13 in.) 

Stroke 0.460 m. (18. 11 in.) 

The shortness of stroke does not involve any inconvenience in working, 
which is smooth and regular. The engines are placed in two separate com- 
partments, the reversing and starting gears being in the centre, and the 
condensers placed at the sides of the ship. 

The propellers* bosses are of gun-metal, with blades of Stone's patent 
bronze, the diameter being 2.400 metres (8 ft.), and the pitch 2.760 metres 
(9 ft. 0.66 in.). 

The low-pressure slide valves are fitted with Joy's assistant cylinders, this 
being their first application in Italy. Each of these developed during the trials 
8 to 10 indicated horse-power. The slide valve and rod weigh 326 kilogrammes 
(718.7 lbs.). The low-pressure eccentrics worked smoothly, and did not show 
any indication of heating at a speed of 270 revolutions. 

The boilers, four in number, of the open-bottom locomotive type, are placed 
two forward and two aft of the engines, the former supplying the port and 
the latter the starboard engines. The total heating surface is 782 square 
metres (8417.68 square feet), and the firegrate surface 17.28 square metres 
(about 185! square feet). The air blast is delivered under the grates through 
a closed ashpit, each boiler having its own funnel of i.6o metres (62.90 in.) in 
diameter. The boilers proved very satisfactory. No leakage, priming or 
other defect was noticed under natural or forced draught steaming. 

On the trial under natural draught the mean average of the revolutions 
indicated by the continuous recording apparatus for the ten hours was for the 
port engine 218.7 revolutions, and for the starboard engine 218.5 revolutions. 
The distance of 72 miles from the Meloria to Nervi, in the Gulf of Genoa, was 
run in 3 hours 59 minutes, giving a mean speed of 18.06 knots. The ship was 
then turned and put on her return course, completing her trial at 4.15 P. M., 
south of Leghorn, without a single hitch during the whole of the ten hours' 
run. The mean indicated horse-power for the ten hours was 2129, being 129 
over the contract. The vibration of the hull was very slight. 

The forced draught three hours* trial was also successful. The contract 
power to be obtained on this trial was 4000 horse-power but this was exceeded 
by 422, the mean indicated horse-power for the three hours being 4422, with 
a mean of 264 revolutions per minute for the starboard engine and 265.23 for 
the port engine. The assistant cylinders gave 16.80 indicated horse-power, 
this power being added to the power developed by the main engines. 

The highest number of revolutions per minute, reached several times during 
the trials, was 269 for the starboard engine and 276 for the port ; the approx- 
imate maximum power reached was nearly 4800 indicated horse-power. A 
mean speed of 20.70 knots was obtained during the three hours' trial. There 
was rain and wind blowing strongly from the southwest toward the finish of 
the trial. 

THE RE UMBERTO. 
[yournal of the Royal United Service Institution, ^ 

The Re Umberto, one of the largest of the new battleships for the Italian 
Navy, went out on the 25th October for the official trials, and the final accept- 
ance of the machinery from the makers, Messrs. Maudslay, Sons & Field, of 
London. The trials proved of a highly satisfactory character. The contract 
stipulated for the development of 15,200 I. H. P. natural draught, and 19,500 
I. H. P. forced draught, but the government, as. hereinafter shown, decided to 
abandon the forced draught trials. The run was made from Spezia to Genoa 
and back, a distance of 120 knots, at an average speed of 18.3 knots, the 
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engines indicating a mean of about 17,000 H. P. with } in. air pressure in the 
stokeholds. The maximum power during the run was found to be 19,000 
H. P., and the maximum speed 18 J knots, which was obtained by only \ in. 
air pressure. The machinery worked smoothly in every respect, no water 
service being used. The boilers gave a plentiful supply of steam without 
priming or other difficulties. The results were considered so satisfactory from 
every point of view, both as regards the speed of the vessel and the facility 
with which the speed could be maintained (the trial being made by the ordinary 
ship's crew of stokers, and not by picked men), that the commission appointed 
recommended the Ministry of Marine to accept the machinery without further 
trials, as it appeared so obvious that the I. H. P. with forced draught would 
largely exceed the contract power of 19,500. The recommendation was there- 
fore accepted by the Minister of Marine. She is 400 ft. long, has a beam of 
76 ft. 9 in., and with a draught of 28 ft. 6 in. she has a displacement of 13,375 
tons. Protection is afforded by side armor extending from 3 ft. 3 in. below the 
water-line to the upper deck ; the armor is not, however, carried the whole 
way round the ship, but at the water line, and for 3 ft. 3 in. above and below, 
extends for a length of 234 ft. Above this again, up to the upper deck, the 
armor covers the side for 215 ft. ; the thickness of the plating, however, is 
only 4 in.; at each end of the belt are 3-in. armor bulkheads rising from the 
armored to the upper deck ; there is. in addition, an armored deck with a 
maximum thickness of 4 in. There are two barbettes, one forward and one aft, 
protected with i8-in. armor, while the ammunition tubes, conning tower, etc., 
have i2-in. plating. Her armament consists of four 67-ton, eight 6-in. Q. F., 
sixteen 4.7-in. Q. F., and thirty-one smaller Q. F. guns, with eight torpedo- 
tubes. She has a coal stowage of 1200 tons. 

RUSSIA. 

THE TWELVE APOSTLES. 

The Russians, still steadily carrying out the process of strengthening that 
Black Sea fleet, which, by the provisions of the Treaty of Paris, they have no 
right to have, now have afloat in those waters a fleet of four battleships, 
besides many smaller craft and others approaching completion. The latest of 
those in commission is the Twelve Apostles, a formidable fighting vessel of 
8076 tons displacement and 17J knots speed. Her principal armament con- 
sists 'of four 52-ton breech-loading cannon, mounted in two dome-like turrets, 
plated with 12-in. armor. In addition, she has four 6-in., eight small quick- 
firing, and two machine guns. She is protected by an armor belt 14-in. in 
thickness, and a steel deck averaging 2^ in. thick ; six torpedo-tubes com- 
plete her means of offense. 

SPAIN. 

THE INFANTA MARIA TERESA. 

The following are the results of trial trips of the Spanish cruiser Infanta 

Maria Teresa, as announced : 

Natural Forced 

Draught. Draught. 

Mean speed (knots) 18.5 20.25 

Indicated horse-power, starboard 4,686 6,857 

Indicated horse-power, port 4*872 6,901 

Indicated horse-power, total 9»558 I3>758 

Revolutions starboard 105 118 

Revolutions port 106 118 

Vacuum starboard 27^ 27} 

Vacuum port 27J 28 

Steam pressure (lbs.) 145 145 

Air pressure (in.) -^ i 
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The Infanta Maria Teresa is built entirely of Siemens-Martin steel, is 340 ft. 
long between perpendiculars, and 364 ft. over all, with a breadth of 65 ft., and 
a depth of 38 ft., displacing 7000 tons on a mean draught of 2i ft. 6 in. She 
has the usual ram bow, and carries two masts, each having a military top and 
sigtialing yard. The masts and funnels have just enough rake to give her a 
very smart appearance. For 315 ft. amidships she has an armor belt 5 ft. 6 in. 
broad, backed by 6-in. teak. The plates, which were supplied by Messrs. 
Cammell & Co., are 12 in. thick, secured by 3i-in. bolts. She has the usual 
cellular double bottom, and has eleven transverse water-tight bulkheads, the 
bunkers being arranged in the usual manner to afford the machinery as much 
protection as possible. She carries in all twelve boats, including a 6o-ft. 
17-knot vedette boat. 

The ship has in all eight torpedo-tubes, and the principal armament is as 
follows : Two 28-centimetre guns (one forward and one aft) mounted in bar- 
bette turrets, ten 14-centimetre guns, two 7-centimetre guns, eight 57-milli. 
metre Nordenfeldts, two ii-millimetre Nordenfeldts, and eight Hotchkiss. 

The propelling engines are of the vertical triple-expansion, surface-condens- 
ing, direct-acting type, driving twin-screws, and are designed to develop col- 
lectively about 13,506 indicated horse-power with forced draught, the contract 
speed for which is 20 knots. The dimensions of cylinders are : High pressure, 
42 in. ; intermediate pressure, 62 in. ; and low pressure 92 in., with 46-in. stroke. 
The cylinders are fitted throughout with Whitworth's fluid compressed steel 
liners. In both engine and boiler-rooms there is plenty of clear space. The 
cylinders, cylinder covers, pistons, and steam chest doors are all of cast 
steel. % 

Steam is supplied by four double-ended boilers, 16 ft. 3 in. in diameter, and 
two single-ended boilers, 15 ft. 3 in. long by 10 ft. 6 in. in diameter, and work- 
ing at a pressure of 150 lbs. per square inch, the test pressure being 250. Fol- 
lowing out the usual plan, to provide greater safety, the boilers are placed in 
two separate compartments, the bunkers being run along each side in the usual 
way. There are two funnels, 9 ft. in diameter, the height from dead- plate to 
top of funnel being 69 ft. 

CHILI. 

LAUNCH OF THE BLANCO ENCALADA. 

Recently there was launched from the shipyard of Sir W. G. Armstrong, 
Mitchell & Co., at Elswick, Newcastle, a new cruiser for the Chilian 
Republic, named the Blanco Encalada. The vessel is 370 ft. in length ; 
46 ft. 6 in. in breadth ; draught, i8 ft. 6 in.; displacement, 4400 tons ; indica- 
ted horse-power, 14,500 ; speed .under forced draught, 22J knots. The arma- 
ment is heavy, consisting of two 8-in. breech-loading guns, ten 6-in. quick-firing 
guns, twelve 3-pounder guns, twelve i-pounder guns ; and five torpedo- 
tubes. 

THE WARSHIPS OF THE FIVE GREAT NAVAL POWERS. 

The warships belonging to the five naval powers mentioned, in commis- 
sion, in reserve, and building in the year 1893, are in numbers as follows : 

Great Britain. — Has in commission : 24 battleships ; 4 coast defense 
ships, armored ; 63 cruisers, armored and unarmored, and 78 other ships, 
not torpedo-boats. In reserve : lo battle ships ; 16 coast defense ships, 
armored ; 49 cruisers, armored and unarmored, and 50 other ships, not 
torpedo-boats. Building and completing for sea : 9 battleships ; 19 cruisers, 
armored and unarmored, and 23 other ships, not torpedo-boats. 

France. — Has in commission : 19 battleships ; 5 coast defense ships, 
armored ; 23 cruisers, armored and unarmored, and 50 other ships, not 
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torpedo-boats. In reserve : 5 battleships ; 3 coast defense ships, armored ; 
20 cruisers, armored and unarmored, and 62 other ships, not torpedo-boats. 
Building and completing for sea : 8 battleships ; 2 coast defense ships, 
armored; 19 cruisers, armored and unarmored, and 5 other ships, not tor- 
pedo-boats. 

Russia. — Has in commission : 5 battleships ; 9 cruisers, armored and 
unarmored ; 34 other ships, not torpedo-boats. In reserve : 2 battleships ; 
9 coast defense ships ; 6 cruisers, armored and unarntored ; 37 other ships, 
not torpedo-boats. Building and completing for sea : 8 battleships ; 4 coast 
defense ships ; 2 cruisers, armored and unarmored ; 4 other ships, not tor- 
pedo-boats. 

Germany. — Has in commission : n battleships ; 14 cruisers, armored and 
unarmored ; 19 other ships, not torpedo-boats. In reserve : 3 battleships ; 
6 coast defense ships, armored ; 17 cruisers, armored and unarmored ; 5 
other ships, not torpedo-boats. Building and completing for sea : 7 battie- 
ships, 3 cruisers, armored and unarmored, and i ship, not a torpedo-boat. 

Italy. — Has in commission : 4 battleships ; 8 cruisers, armored and 
unarmored ; 16 other ships, not torpedo-boats. In reserve : 9 battleships ; 
5 coast defense ships, armored ; 5 cruisers, armored and unarmored ; 26 
other ships, not torpedo-boats. Building and completing for sea : 4 battle- 
ships ; 13 cruisers, armored and unarmored ; 3 other ships, not torpedo-boats. 
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LISTS OF THE BATTLESHIPS AND FAST ARMORED CRUISERS OF 

THE ENGLISH AND OF THE FRENCH AND RUSSIAN FLEETS, 

WITH TONNAGE, APPROXIMATE SPEED, AND 

ARMAMENTS (OVER 3 IN.). 

[Engineering] . 
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ARMORED CRUISERS OF 15 KNOTS AND UPWARDS. 
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t Ships with less than 50 per cent, of water-line armored. 

§.The dates of completion of the French and Russian ships may be taken at firom three to 
four years after launching. 

The numbers of the various classes may be summarized as follows : 
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These numbers are exclusive of two powerful armored, so-called, coast defense ships, build- 
ing by Russia, the Admiral OrtschakofT and the Admiral Senjavin, each of 4000 tons, and carrytiq^ 
two 9-in. guns, which cannot be classified as battleships. 
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THE LOSS OF H. M. S. VICTORIA. 

Tho following is an eitract from the report ol Mr. W. H. White, Assistant- 
Controller and Director of Naval Construction for Great Britain, baaed upon 
minufes of proceedings of court-martial appointed to inquire into the cause of 
the loss of H. M. Ship Victoria. The original report is accompanied by ocular 
proof of the statements advanced in the form of numerous diagrams. The 
name of the writer is, however, a sufficient guarantee that his conclusions 
have not been arrived at except upon good and due deliberation, and though 
very interesting to look at, the illustrations are omitted here. They may, 
however, be found with the complete report in '■ The Engineer," of November 
10, 1893. The report abridged is as follows : 

From the evidence it is established that before the manceuvre began the 
ships were proceeding at a speed of S.S linots, the (wo lines being 1200 yards 

When the signal to turn inwards siiteen points was hauled down, the helm 
of the Victoria was put hard to starboard — 35 deg. — which corresponded to 
a tactical diameter of about 600 yards. At the same moment the helm of the 
Camperdown was put at 2S deg. to port, which corresponded to a tactical 
diameter estimated at about Soo yards. Had the helm of the Camperdown 
been put hard to port, the tactical diameter would have been reduced about 
20 per cent. The two ships continued to turn under those conditions, until 
they had each turned through about eight points, and were very nearly end- 
on to one another. Their distance apart atthat inafantwas estimated at two 
to two and a-half cables— ^oo to 500 yards. Both ships must then have 
acquired practically their full "swing" — or angular velocity — corresponding 
to the conditions of speed and helm angle above stated. Apart from change 
of helm or alteration in speed and direction of the engine, the ships would 
have continued to turn in practically circular arcs from eight points onwards. 
At or near the eight-points position it was recognized in both ships that a 
collision was imminent, and steps were taken to avoid it if possible. The 
port engines of the Victoria and starboard engines of the Camperdown were 
Lirdered to be reversed practically at the same moment for the purpose of 
making the ships turn more quickly. These orders were given only about 
one minute before the collision took place. The Camperdown's speed at the 
moment when the starboard engine was reversed and the port engine stop- 
ped, must have been about 6| fcnots. In the brief interval — less than a 
minute — before the culiision, this speed could have been but liiUe lessened. 
Hence it appears that Captain Johnstone's estimate of 6 knots is fairly accu- 
rate, and not in excess. This is confirmed by the fact that as the Victoria 
was using about 25 per cent, greater helm than the Camperdown, her speed 
on the circular path from eight to twelve points roust have been checked more 
from that on a straight course than was the case in the Camperdown. More- 
over, both the Victoria's engines were reversed before the collision, and only 
one engine in Camperdown. Consequently the Victoria must have been mov- 
ing more slowly than Camperdown, and yet her speed was estimated at 5 to 6 
knots. 

Ail the witnesses agree that the Camperdown struck the Victoria nearly at 
right angles. The weight of evidence is in favor of the view that the kael- 
line of Camperdown was about 10 deg. abaft the lieam of the Vicloria, the 
keel-lines then being at an angle of about So deg. This is confirmed by an 
examination of the paths actually traversed under similar circumstances by 
similar ships when turning from eight to twelve points. The blow was 
delivered on the starboard side of the Vicloria, about 65 ft, abaft the stem- 
head, and just before important transverse bulkheads which extended from 
the keel to the upper deck. Observers agree that this terrific blow delivered 
on the bow of the Vicloria, at a time when she was rapidly turning, caused 
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the fore-end of that vessel to move about 60 ft. or 70 ft. to port. This bodily, 
movement of the Victoria absorbed some of the energy of impacf, and tendM 
to lessen the shock and injury done to the structure. 

When the ships collided they were Loth turning rapidly. Consequently 
after the bow of the Camperdown was engaged in the side of the Victoria, 
tlie sterns swung together to some extent. This fact was noted by several 
vrifnesses. Those most competent to form an opinion — particularly Lieuteo- 
adt Barr, of the Camperdown — state that the movement involved a swinging 
of the Camperdown relatively to the Victoria through an arc of about 20 deg. 
It is stated further that the two ships were locked together for about a 
minute, before the Camperdown backed astern and cleared— which she did at 
an angle of about 30 deg. abaft the beam of the Victoria. This swinging 
together of the tfro ships exaggerated the injuries done to both. For the 
Camperdown it probably meant the fracture of the stem forging; and it cer- 
tainly involved very serious damage to the thin side platjng on the port bow, 
whicji plating was broken through by contact with the side and decks of the 
Victoria, abaft the breach made by the first impact. On the starboard bow 
of the Camperdown, where the swinging was practicaUy a freeing one, the 
damage done was relatively inconsiderable. 

The damage to the port bow of Camperdown was chiefly eauaed by contact 
with the protective deck of the Victoria. The main part of the bow plating 
on both sides of the Camperdown, both above and below water, retained its 
general form. In swinging, therefore, the bow of Camperdown must have 
crushed in the adjacent plating and slructure of the Victoria, and produced a 
serious enlargement of the breach caused by the Srst blow. Moreover, it 
must have destroyed the water-tight connection to the side plating of 
important transverse bulkheads situated just abaft the place of collision. 
Those bulkheads consequently ceased to be water-tight partitions for seveial 
feet from the starboard side of the ship. 

A careful eiaminalion, based upon the known injuries to the plating 
Camperdown's part bow. and the angle abaft (he Victoria's beam to which the 
Camperdown swung while she was locked, gives what must be a very close 
approiimation to the extreme penetration into the side of Victoria effected by 
the stem of Camperdown. The resultof this eiaraination indicates apenetra- 
tion of about 5] ft. (o 6 ft. for the vertical portion of the stem. The extreme^ 
point or "spur" of the ram-bow projects about 7 ft. before this uprighf 
portion ; and this spur pierced the thin plating below the protective dwJi, al 
it was designed to do. Notwithstanding the form of the athwartship section (rf^ 
the Victoria at the place of collision, the spur of the Camperdown was driven 
about 9 ft. within the side plating, at a depth of about 12 ft. below water. 
The breach must have extended vertically from the upper deck to a point 
about nS ft. below that deck, and 18 ft. below the water-line at which the 
Victoria floated before collision. The width of the breach varied. At the 
upper deck it was about 12 ft. : at the original water-line about it ft.; then It 
gradually diminished in general breadth towards the lo 
area of the breach below (he original water-line must 
square feet. 

A very great depression of the bow was observed within three or four| 
minutes of the collision. 

It is proved by the evidence that Ihe water-tight doors, hatches, etc, weroa 
in good order and perfectly efficient. I 

The true cause of failure to close the doors, hatches, etc., in the forwBTdfl 
part of the ship is (o be found in the very short time before Ihe collision that | 
orders were given to make the attempt- Captain Bourke states that under ■ 
ordinary conditions of drill, with a trained crew, three minutes were required J 
to close Ihe doors, etc. 11 is also proved that the order lo close doors wasfl 
given about one minute only before Ihe collision. The men were in thrfr I 
sses or on deck for Ihe most part when this order was given. Using all I 
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possible exertions they could not reach the compartments forward, and 
especially those below the protective deck, in time to do much, if an3rthing, 
before the collision had happened, and large quantities ot water were enter- 
ing. In the evidence this is conclusively proved by incidental statements 
made by the men. Abaft the turret the case was different ; as water took 
some time to find its way into those compartments, the men could work with- 
out disturbance or danger, and the doors, etc., were closed and secured. 

For convenience it will be desirable to consider separately the two move- 
ments which proceeded simultaneously, viz., depression of the bow, and heel 
to the wounded — starboard — side. It appears that about four minutes after 
the collision the bow had dipped so much that water was coming through the 
hawse pipes on to the upper deck. That is to say, the bow had sunk about 
lo ft.. in four minutes. This change of trim continued, and about Iv/n minutes 
later the water had risen so much oii the forecastle that men who had been 
working there were called away. Immediately before the lurch took place 
the water was washing into the open turret ports, situated nearly at the middle 
line loo ft. from the bow, and at a height of 14 ft. above the original water- 
line. Captain Moore states that the water was then half-way up the turret 
wall ; and Captain Noel saw the water 2 ft. to 3 ft. deep against the sides of 
the turret. On investigation it is found that at this moment — accepting 
Captain Moore's careful observations — ^the upper deck right forward was 13 ft. 
under water, having been depressed about 23 ft. below its original position. 
The forward part of the upper deck was then almost entirely under water, 
from the bow to the bulkheads forming the forward termination of the upper 
deck battery. In other words, nearly half the length of the ship was sub- 
merged. The after portion of the ship was lifted considerably above its 
normal position, and the upper blades of tlie port screw were showing above 
water to a large extent. The normal position of the tips of the blades was ii 
ft. below water. This emergence of the screw was partly due to the heel, but 
chiefly to change of trim. 

Simultaneously with this extraordinary change of trim by the bow, the 
Victoria was heeling to starboard. All the witnesses on board that ship agree 
that the motion was gradual and steady until the lurch took place. Their 
conclusion is supported by witnesses from other ships, and by the fact that 
nine or ten minutes were occupied in reaching a heel of 18 degrees or 20 
degrees from the vertical. There is practical agreement that this was about 
the heel to starboard at the moment when the lurch took place. Captain 
Moore, who was taking note of the Victoria at that time, confirms this estimate, 
and adds somS most important information. He saw the water half way up 
the turret wall, and consequently it must have been flowing through the open 
ports into the turret, from which it could pass into the redoubt, surrounding 
the turret-base, and thence could find access to certain spaces below. Further, 
he noted that the armor-door in the oblique bulkhead at the forward end of 
the upper deck battery was partly under water. It has been given in evidence 
that this door was never closed. Consequently water was at the same time 
passing into the battery, and accumulating on the starboard side. Captain 
Moore remarked also that the two foremost 6 -in. gun ports on the starboard 
broadside were then just awash. These ports, according to the evidence, 
were not closed, and therefore when they became *♦ awash ** large quantities 
of water could enter rapidly. In these circumstances it is obvious that a 
sudden increase of heel was inevitable; and the ship had sustained such a loss 
of stability from the submergence of her bow and the rise of her stern that 
she could not recover herself, and eventually capsized. 

Up to the time when the ships had turned eight points — or about one minute 
before the collision — no orders were given to close the water-tight doors, 
etc., then open. It was •*make and mend" afternoon, and the men were in 
their messes. 



5t4 FROFESSIONAL NOTSS. 

Taking the facia eatablished by the evidence, and recorded in Table I., an 
in<|Uiry has been made into the effect which flooding the compartments 
therein enumerated should have had upon the trim and transverse inclina- 
tion of the Victoria. This inquiry has necessitated the performance of certain 
calculations in the Constructive Department of Ihe Admiralty, those calcula- 
tions being based upon well-known principles which are universally applied in 
estimates of the buoyancy and stability of ships. The following is a summaiy 
oi results : (i) The flooded compartments, nineteen in number, had a capa- 
city which involved a total '-loss ot buoyancy " (up (o the original water- 
line) of mo tons 1 of this amount less than no tons were in compartments 
above the protective deck, and about looo tons in the spaces below that deck. 
(3) This loss of buoyancy in compartments so far forward produced a 
■■ moment lo cban^ trim " of about 140,000 foot-tons. Of this total amount 
the 110 tons abav« the protsctivo deck account for only ij,ooa foot-tons — the 
balance, nine-tenths of the whole, being due to the water below that deck. 
The moment due to the no tons above the protective deck corresponda to a 
change of trim of 3 ft. only. The additional moment due to the 1000 tons 
below the protective deck brings up the change of trim to the enormous 
amount of 29 ft. Allowing, as is done only for compartmenia enumerated in 
Table I., the calculation shows the depression of the bow lo be about 21 ft., 
and rise of stem S ft., as compared with their positions befcire the collision 
took place. Such a change of trim, however, necessarily flooded also the 
compartments named in Table III. Consequently, the final depression of thu 
bow, by calculation, fully equals that which was observed by several wit- 
nesses as having been reached before the lurch began, and which is estimated 
from their evidence at 23 ft. (3) As the bow sank, water entered the upper 
part of the vessel through the breach, and flUed all the space between the 
upper and main decks back to the oblique water tight bulkheads situated just 
abaft the turret. Certain small store-rooms were also lulled from above as the 
bow sank, but this circumstance was relatively unimportant. (4) Neglecting , 
water which may have entered through the turret ports, when the Victoria had j 
reached the position occupied before the lurch, there must have been about I 
2200 tons of water in the interior of the ship, before Ihe fore boiier-room and J 
below the upper deck. (5) The case was aggravated by the entry of water in ] 
the turret, redoubt, and spaces below. (6) As explained above, the sudden 
enlry of water into Ihe 6-in. gun battery above the upper deck through the 
open ports and door, caused the final lurch which led to the capsizing and 
foundering of the vessel, (7) Had the porta in battery and turret, and the 
armor door been closed, and water excluded from both battery and turret, . 
the Victoria would not have capsized, and would have remained aHoat for a J 
much longer time, even if eventually she had foundered. I 

It is not possible to stale absolutely that the Victoria, with turret and bat- I 
tery closed, could have been kept afloat permanently under the actual circum- | 
stances of the collision. There are so many Com paitraents (see Table II.) 
into which water may have found its way eventually, through doors and 
hatches respecting which there is no direct evidence whether they were closed 
or not. But this would have involved still further change of trim by the head, 
and her capsizing would have been improbable even if she had eventually 
foundered. Allusion has been made above to the great reduction in stabUity 
necessarily produced by such an extreme submei^nce of the bow and 
accompanying rise of stern as were observed in the Victoria before the lurch 
began. This fact is well known to naval architects, and can be readily 
understood apart from exact calculations. 1 

The power of a ship to resist inclination from any position in which she | 
floats at rest, depends greatly upon tlie moment of inertia of her buoyant I 
water-line section- — or plane of flotation. Any causes which reduts this 1 
moment of inertia lessen the stability. 
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TABLE I. 

Compartments Shewn by the Evidence to heme been Thrown Open to the Sea^ Either 
by Direct Damage or through Open Doors^ Hatches, etc. 

Distance in feet fi^m 

Loss of Middle of Middle line ol 
buoyancy, length ship, star- 

Name of compartment, in tons. of snip. board side. 

Above protective deck : 

Small compartment leading to capstan flat, 8^ 132 

Fresh water tank-room 25 122 

♦Cable lockers 34 109 

♦No. I coal bunker, 18 to 23, starboard side, 8 108 18 

♦Coal bunkers, Nos. 3 and 5 33 87 14 

Total above protective deck 108J 

Platforms to protective deck : 

Compartment fore end of capstan room .. . 18 130 

♦Capstan engine-room 80 116 

♦Carpenter's store, frame 14 to 22 50 114 13 

♦Torpedo fiat, 22 to 27 200 96 2 port side 

Submerged torpedo room 260 78 

Spaces between 35, the ring bulkhead, and 43, 75 62 
hold below platforms : 
♦Water-tight compartment starboard side, 

12 to 22 108 117 6 

♦Water-tight compartment below, from 12 

to 22 20 117 4 

♦Water-tight compartment, 22 to 31, star- 
board side 50 88 i8 J 

♦Water-tight compartment below provision- 
room, etc., 22 to 3 1 60 88 

♦Torpedo magazine, or gun-cotton magazine, 33 J 98 8 

No. 7 coal bunker and chute 47 44 25 

Total below protective deck looi^ 

Grand total mo 

Notes.— {x) The compartments marked with an asterisk are those which it is considered must 
have been flooded in consequence of the collision, even had doors, hatches, etc., been closed prior 
thereto. (2) For compartments above the protective deck the loss of buoyancj^ioSJ tons — \s 
estimated up to the water-line at which the Victoiia floated before the collision. This loss will be 
seen to be about 10 per cent of the total loss. Had no loss taken place below the protective deck, 
the flooding of compartments named above that deck would have produced a cnange of trim of 
only^ ft., and a heel of less than 3 deg. When the 'compartments below the protective deck were 
also flooded, the change of trim became 29 it., and the neel to starboard 18 to 20 deg. 
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TABLE II. 

Compartments Shown by the Evidence to have been Probably or Possibly Filled 

through DoorSy Hatches, etc. 

Distance in feet from 

/ * » 

Loss of Middle of Middle line of 
buoyancy, length ship, star- 

Name of compartment. in tons. of ship. board side. 

Above protective lower deck : 

Air-compressing room, port side 22 39 16 port side 

Sail room, chest room, toqjedo room, with 

turret support, 35 to 5^ 300 54 li 

Platforms to protective or lower deck : 
Compartments between bulkheads, 43 and 
53, and turret support. Space for empty- 
powder cases 200 47 

Hold below platforms : 

Water-tight compartment, port side, 12 to 22, 108 117 6 port side 

Port ejector tank 35 70 19 ** ** 

Total tons 665 

Note. — All the compartments mentioned in Table II., except those below platforms, are within 
the limits of the armor belt. 

TABLE III. 

Compartments Ultimately Filled through Riding Bitts by the Depression of 

the Bow, 

Distance m feet from 



Loss of Middle of Middle line of 
buoyancy, length ship, star- 

Name of compartment. in tons. of ship. board side. 

Above protective deck : 

Boatswain's and carpenter's stores, 7 to 14, 100 138 

CONCLUSIONS. 

Summing up the results of the careful inquiry which has been made into 
the evidence g^ven before the court-martial, of which details appear in the 
foregoing remarks, the following broad conclusions are reached : (i) That 
the interval of time which elapsed between the instant when orders were 
given to close water-tight doors and hatchways, and the instant of actual 
collision — viz., about one minute — was necessarily inadequate for the com- 
plete fulfilment of that intention, more especially in compartments forward 
below the protective deck, and near to the place of collision. (2) That, 
although every endeavor was made to close the water-tight doors subse- 
quently to the collision, the doors and hatchways which are proved to have 
remained open, permitted water to pass into compartments adjacent to those 
breached ; and consequently greatly increased the loss of buoyancy, the 
depression of the bow, and the diminution of transverse stability. (3) That, 
so far as can be judged, had all doors, hatchways, etc., been closed prior to 
the collision, the Victoria would have continued to retain ample buoyancy 
and stability, and would not have ceased to be under control. (4) That, 
under .the actual circumstances of the collision, and with the doors remaining 
open which have been enumerated above, it was inevitable that the vessel 
should have attained the position described by the various witnesses as 
reached before the lurch began ; with her bow buried about 13 ft. below 
water, and with a heel to starboard of about 18 deg. to 20 deg. (5) That, 
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even when so seriously injured and brought to such a critical condition, had 
the ports in the turret and upper-deck battery been closed, the armor door 
secured, and water excluded from turret and battery, the Victoria would not 
have capsized. It is possible that she may have eventually foundered in 
consequence of the g^dual passage of water into compartments respecting 
which the evidence leaves us in doubt. (6) That, under the serious circum- 
stances of this collision or of any similar accident which may occur, the 
safety of a ship and her continued flotation demand that provision should be 
made for closing gun ports and openings in upper works, through which 
water may pass into the interior of the ship, if the flooding of compartments 
produces great change of trim or serious heeling. If such precautions are 
not taken the virtual height of freeboard is reduced to the height of the sills 
of ports and doors, and the presence of the superstructures when water is not 
excluded from them, does not assist either buoyancy or stability to a sensible 
extent. 
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Descriptive Catalogue of War Material, Manufactured by the Hotch- 
Kiss Ordnance Company, Limited. 

The Hotchkiss Ordnance Company have issued a handsome descriptive 
catalogue of the war material manufactured by them, neatly bound in a 
flexible cover. 

It is pleasing to look at the illustrations, which are numerous well-selected 
photographs. These are accompanied by a brief description, sufficient in 
each case to give a clear idea of the working of the parts illustrated. Among 
the items of special interest to naval officers are the changes in the breech 
mechanism from flat main and sear springs to spiral springs. In view of the 
fact that the flat main spring of the Hotchkiss old model is thoroughly reliable 
and will even fire a cartridge about every other time that the hammer falls 
with the drill- hook shipped (and is very favorably placed for shifting if 
injured), and that many guns fitted with spiral main springs will not do better 
than this latter under the most favorable circumstances (requiring moreover 
a jerk of the lockstring, which is objectionable on account of the irregularity 
of the firing interval), the benefit to be gained by the change may be regarded 
as doubtful. 

The differences between the old model and the new in detail are as follows : 



DetaU. 



Firing point. 



Main spring, 



Sear Spring 



Extractor. 



Stop bolt. 



Trigger. 



Cocking toes, 



Old standard model. 



Made with rear-projecting 
spring ears, which clasp the 
end of the hammer. 

A double-branched flat spring 
whose ends are caught on 
opposite sides of the ham- 
mer axle. 

Flat 

Nib and body in a single 
piece. 



Screws into its seat. 



Of the ordinary bent-lever 
form, one end resting on 
the end of the sear. 

Arranged to cock by down- 
ward pressure. 



1893 model. 



Made with a spring-split shank 
which seats in the head of 
the hammer. 

A spiral spring which acts on 
a lug projecting from the 
hammer axle. 



Spiral. 

Nib separate from the body 
and having a slight spring 
movement to aid extraction 
and resist shocks. 

Held in its seat and also held, 
when partially withdrawn, 
by a spring. 

None at all, the sear being 
actuated direct by a firing 
lanyard. 

Arranged to cock by pressure 
to the rear. 



^20 
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Detail. 



Pistol j^rip . . , 
Rear sij;ht ... 
Crank handle 



Old standard model. 



1893 model. 



Ordinary type, secured to the, None at all. 
right lower side of the| 
breech. 

Screwed permanently to face Clamped to face of breech, 

permitting instantaneous 
removal and clamping. 

Attached to crank shaft by 
square head and snap- 
spring. Removable and 
interchangeable. 



of breech. 



Permanently attaclied to 
crank-shaft by feather and 
keep-screw. 



Among other matter is a description of 3-inch lo-pdr. gun to be used for 
naval landing purposes. 

*• This gun is specially designed for naval-landing service and is not fitted 
for either ship or boat use. Its object is to give a thoroughly effective 
shrapnel fire, although its weight is within the limit of hand draught. The 
calibre of the gun is three inches, which is almost the smallest permissible for 
the construction of effective shrapnel. The breech-block is of the horizontal 
sliding pattern, having no firing mechanism, but using the primerless-cartridge 
case and friction primer. The gun is not high-powered, its length of bore 
being twenty-one calibres. The carriage is fitted with a trail wheel to permit 
manoeuvring without the limber, and carries two boxes of- ammunition. The 
limber is fitted to carry four boxes of ammunition, making a total of forty- 
eight rounds carried. In every respect the mechanism, equipment, and 
accessories of this gun are reduced to the fewest possible pieces. 

Weight of gun 352 lbs. 

Weight of carriage 550 lbs. 

Weight of limber 847 lbs. 

Weight of cartridge complete 12 J lbs. 

Weight of projectile 10 lbs. 

Initial velocity i»i97 feet." 

Not the least interesting object in the book is the Hotchkiss i-pdr. R. F. G. 
with recoil mount on a shifting steel stand. 

The illustration is unaccompanied by any description, but the use of such 
a shifting g^n is apparent in the increase of fire that could be brought to bear 
from any quarter of a ship. A pattern for shifting to ordinary rails, or to 
suitably constructed stanchions or stanchion-sockets would be another step 
in the same direction. The stand might be placed on a flat-topped rail, or 
better, it might be shortened somewhat, the gun captain standing on a suit- 
able shelf or transom inside the rail. 

A brief description of the Howell torpedo and the tubes for discharging it 
are included in the catalogue. The normal size of the torpedo is some^Siat 
smaller than that of the smallest type of Whitehead. 

Diameter of torpedo 14.2 inches. 

Extreme length il feet. 

Launching weight 505 lbs. 

Weight of explosive carried 100 lbs. 

Speed for 400 yards 25 knots. 

Effective range 750 yards. 
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Numerous other descriptions and illustrations are included, many of them 
appertaining more particularly to the Army than the Navy. With those left 
unmentioned which pertain to the Navy, naval officers generally are more or 
less familiar. 

The following are the contents given in some detail : Nomenclature of 
Hotchkiss standard war material, comprising : Guns of sizes varying from 
37-mm. calibre and i-pound projectiles to 155-mm. and loo-pound projectiles ; 
with lengths of bore varying from 20 calibres (revolving cannon) to 50 cali- 
bres (6-pdr. H. R. F. using smokeless powder). Mounts and carriages, elastic 
recoil and hydraulic recoil. Aluminum and brass cartridge cases, with and 
without primers. Black, brown and (French) smokeless powder, and various' 
fuses. Various sights, including Grenfell electric night-sights ; and finally, 
Berthier-Dandeteau magazine rifle, Howell automobile torpedoes, and centre- 
pivot, muzzle-pivot and fixed torpedo launching gears. Description of Hotch- 
kiss guns, namely : Light i-pounder as a mountain gun ; heavy i-pounder 
as a landing gun ; lo-pounder naval landing gun ; 3-inch field gun (too 
heavy for hand draught). Ammunition : Steel shells, shrapnel case-shot, 
common shell. Special accessories and equipments. Howell automobile 
torpedo. Centre-pivot launching tube. 

Present Development of Heavy Ordnance in the United States, by 
W. H. Jaques, Ordnance Engineer. 

This is in pamphlet form, and is reprinted from the yournal of the Franklin 
Jnstitute, having been delivered as a lecture Jan. 6, 1893. The lecturer keeps 
"Within a period of ten years, stating that within that time there has been no 
radical change in gun construction with the exception of decrease in the num- 
l>Br of parts, from the recommendations of the Gun Foundry Board, which 
"Were confirmed by the Senate Ordnance Committees. In regard to the new 
smokeless powders, he says, perhaps the most prominent is cordite. He calls 
attention to the fact that in the United States all gun steel is made by the 
open- hearth process, though the practice of gun makers is not uniform, Krupp 
using the crucible process exclusively, and Russia largely. He then goes into 
the construction of guns with some detail. 

The following is extracted from the pamphlet : I desire to especially 
emphasize the causes of the mishaps to the British iio|-ton g^ns, because 
their failure does not convey to my mind any reflection upon the usefulness 
of such large calibres, for it is quite as simple for the steel works I have just 
named to construct a sound i lo-ton gun as it is for smaller establishments to 
make a one-pounder ; and there can be no doubt that the more powerful the 
guns of a battleship are the more formidable an enemy she will be. 

I deem the failures mechanical only, and if the guns are constructed in a 
manner equal to many of the modern marine engines that have been built in 
Great Britain, they will be equally efficient and serviceable. 

The efficient service of these guns must not be compared directly with the 
number of rounds that can be fired from smaller calibres, and the weight of 
metal thus employed, but from the effective amount of destructive work that 
can be got out of them, particularly their power to demolish the hard armor 
of chilled iron and case-hardened steel now so successfully manufactured. 

The tendency to substitute for the larger armament an increased number 
of guns of reduced calibre, notably of the rapid-fire class, will no doubt soon 
meet with a reaction, because of the loss of that powerful element of destruc- 
tion, the shattering power so necessary in combat with heavily armored ships. 
A mixed battery of large and small guns is no doubt tlie most useful compro- 
mise, for what is a ship to-day other than a compromise — in fact, a combina- 
tion of compromises ? 
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AMERICAN ENGINEER AND RAILROAD JOURNAL. 

Volume LXVIL, No. 9, September, 1893. The Steering of Balloons. 
United States Cruiser Minneapolis. Progress in Flying Machines. 
General Marine Notes : The Simplex and the Huge Torpedo ; The 
New English Cruiser Bonaventure ; New Screw Pitch Gauge ; 
i2-in. Breech-Loading Rifle Mortars. 

No. 10, October. Editorial Notes: Invisible Torpedo - Boat ; 
OrioUe Process. General Marine Notes : Trial Trip of the 
Columbia ; Two New English Battleships ; Oil Distributing Sea 
Anchor ; Regularity of the Turning of Steam Vessels ; Two British 
Cruisers ; Battleships of the French Navy ; New French Cruiser ; 
Tail Shaft Preserver. Notes and News : A High Smoke Stack ; 
The Trajectory of a Big Gun (range, 65,616 feet; angle of eleva- 
tion, 44°; weight of projectile, 474 lbs.; weight of charge, 253 
lbs.; initial velocity, 2099 feet); The Gordon Disappearing Car- 
riage ; Electric Feeder for the Gatling Gun ; A New Smokeless 
Powder ;. Thirteen-Inch Gun for the United States Navy; Automatic 
Block Signaling by the Use of Incandescent Lamps ; Test of Holt- 
zer Projectiles at Sandy Hook ; The Most Suitable Colors for Signal 
Post and Semaphore Arms ; A New Method of Casting Steel Ingots. 
Brown Wire-Wound Gun. The Steering of Balloons. The Multi- 
tubular Boiler. Progress in Flying Machines. Steam Steering Gear. 
Armor Trials at Indian Head. Asbestos Pipe Covering Materials. 

No. II, November. Editorial Notes : Coaling Steamers at Sea ; 
Submarine Navigation. Notes and News : A New Explosive ; A 
Steam Artillery Wagon ; Tube Plate Boring Tool ; Rifle Trench- 
ing Tool ; The Phonograph as a Cure for Deafness ; The Hydro- 
phone. (The principal object of this ingenious device is to give 
warning to a port or fleet, of the approach of a torpedo-boat even 
if submerged.) Notes: Steel Crank-Shaft ; Large Ship Plates ; The 
Polyphemus ; Scrap-iron Chain Cables ; Aluminium Boats ; Blow- 
ing up of Derelicts ; A New Victoria ; Ferrules for Marine Boilers ; 
Submarine Sentries ; Coaling at Sea ; The Condition of the Chicago ; 
Lengthening a Steamship ; The Naval Armaments of Europe. 
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Trial of Schneiders's Nickel Steel Annor for Russia. Progress in 
Flying Machines. Care of Marine Boilers. Schnebelite — ^A New 
Explosive. 

In schnebelite, chlorate of potash is mixed with pure cellulose or woody 
fibre, such as is used for the manufacture of gun-cotton or Schultze 
powder. 

Novel Triple-Expansion Engine. 

No. 12, December. Editorial Notes : The Columbia; TheElCid 
Notes and News: Test of Rapid-Fire Guns; The GifFord Gun; 
Coaling Vessels at Sea ; A Cheap Condenser for Exhaust Steam. 
Progress in Flying Machines. Index to Vol. LXVII. Evolution 
of the Ocean Greyhound, by Charles Cramp. General Marine 
Notes : A Ship Canal Project ; The French Warship Jurequibberrer; 
The Telephone for Diving Purposes ; Electric Lights in Shore 
Defenses ; Test of Defense Nets ; A Powerful Electric Light House ; 
Copper Plating Ship's Bottoms ; Battleship Oregon ; Electric Light- 
ing of the Bosphorus ; Ship on Rollers ; Bids for War Vessels ; 
Double Gun Carriage ; The Most Suitable Coal for Use on Warships ; 
Trial of the Columbia ; Spanish Cruiser Infanta Maria Teresa. 
Notes on Long Guns. See's Hydro-Pneumatic Ash Ejector. 

CASSIER'S MAGAZINE. 

Volume V., No. 25, November, 1893. A New Incandescent Arc 
Light. Blowing Engines. Compressed Air vs. Hydraulic Power 
Transmission. Technical Schools of America. Rope Power Trans- 
mission. 

No. 16, December. Fast Ocean Steamships. Some Oil Steam 
Engines. A Few Facts About Electrical Fire Hazards. ' The Life 
and Inventions of Edison. 

COLLIERY ENGINEER. 

Volume XHL, No. 10, May, 1893. The Coal Fields of Canada. 
The Coal Fields of New South Wales. 

No. II, June. Losses in Transmission of Steam. 

No. 1 2, July. Phosphor Bronze. Anthracite Coal Statistics. 

Volume XIV., No. i, August. The Coal Fields of Canada. 
Anthracite in Virginia. 

No. 2, September. New Fire Alarm. Anthracite Coal Statistics. 

No. 3, October. The Coal Fields of Canada. Anthracite Coal 
Statistics. 

No. 4, November. The Cumberland Coal Fields. The Coal 
Fields of Canada. Anthracite Coal Statistics. 
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No. 5, December. The Coal Fields of Canada. Anthracite Coal 
Statistics. 

ENGINEER (NEW YORK). 

Volume XXVI., No. 2, July 22, 1893. An Extraordinary Armor 
Plate and Shell Test. 

No. 4, August 19. Inclined Armor. 

No. 6, September 16. The ElCid. 

No. 7, September 30. Disappearing Gun Carriages. 

No. II, November 25. The Columbia. 

No. 12, December 9. The Machias. 

ELECTRICAL REVIEW. 

Volume XXIIL, No. 8, October 14, 1893. Search-Lights and 
Torpedo-Boats. 

During the past summer experiments have been made in the harbor at 
Newport, R. I., to determine upon measures to be employed by torpedo- 
boats to escape detection with search-lights. The Cushing has been the 
boat in use, and much progress has been made. The torpedo-boat at no 
time used both her boilers in steaming about, and, consequently, did not 
run as fast as she might. She was tried painted in several colors, but was 
discovered until a dull green hue was used. Then she ran into the harbor 
before the powerful search-lights of the cruiser San Francisco and monitor 
Miantonomoh, as well as the big light at the torpedo station, could detect 
her. She got within a few feet of each of the war vessels, and in a fine 
position to do great damage with her torpedoes. One night last week the 
Cushing entered the harbor, and although both vessels were looking for 
her, she passed completely around the island, on which is the torpedo 
station, twice without being detected. These experiments are said to be 
more successful than any carried on in the same line by any nation. The 
green appears to be the proper color for torpedo-boats. In the glare of the 
search-light it is quite like water. At times it resembles the moss-grown 
rocks. 

No. 9, October 21. The Electric Capstan. 

ENGINEERING MAGAZINE. 

Volume VI., No. 2, November, 1893. The United States Navy of 
1893, by W. H. Jaques, Ordnance Engineer. 

A striking article with excellent photographs ot practically every ship in 
the new Navy of the United States. The following is an extract : 

"We hear the cry on all sides that no one will disturb us, that even the 
strongest European powers fear our marvelous resources. These resources 
will no doubt eventually secure victory, but at what a cost ! Meanwhile, 
increased wealth and consequent luxury, indiscriminate immigration, 
chronic dissensions in the South American and isthmian States, exclusion 
laws, and other causes are surely leading us into the midst of dangers that 
require the insurance of naval preparation, which should be all the more 
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easy to secure, bringing as it will employment for native labor at a period 
when a labor crisis is imminent. It is not new to call this preparation an 
insurance, but I fear very few of either our legislators or our tax-payers 
realize how low a rate of taxation it requires. It is not one-fourth of what 
we pay for the insurance on our homes or our lives, and yet the losses of 
life and property that a war resulting from an absence 01 adequate insur- 
ance of this character would cause are almost incalculable. 

"Of those who advocate but one type of warship, the cruiser, I would 
ask, would you reform the army by abolishing everything but the cavalry ? 
Heavy artillery and coast fortifications alone cannot protect the country 
any more than battleships. Just as the various lines and types of arms 
are requisite for the most efficient army, so are a variety of ships needed in 
the navy, if our personnel are to be victors in the struggles that will surely 
come for the vast wealth we are accumulating in the United States. 

"The struggle to put more in a ship than she can usefully carry still 
continues, and doubtless the next move will be to individualize ships and 
design, construct, and fit them for one or more special purposes. While 
we are all the time increasing the power, variety, and rapidity of fire of 
our armaments, we seem to have lost sight of their ammunition supply. 
This last is the most difficult problem of the period. We shall probably 
have to resort to ammunition supply ships in the manner that coaling 
vessels accompany blockading squadrons. 

The difficulty of coaling ships even in the best weather and under fair 
conditions while engaged in manoeuvres warns us of the necessity of 
having abundant and Targe chutes conveniently placed for the reception 
of fuel, for it will probably be a long time before even liquid fuel will be 
generally used and much longer before power is generated from the ele- 
ment in which the ship floats. 

"In connection with the question of coaling ships, there is the more 
vital one, the source of coal-supply for our warships. The possession of 
suitable coaling-stations has been recommended by many administrations, 
urged by many secretaries, begged for by naval officers and by citizens 
whose interests in foreign territory may require protection, but never more 
forcibly or comprehensively than by Secretary Chandler, in 1883, when the 
number of our coaling-stations, meagre as.it was, was in excess of that ot 
a later period.*' 

ENGINEERING-MECHANICS. 

No. 260, August, 1893. Armor Tests at Indian Head. French 
Naval Estimates. 

No. 261, September. French Experiments with the Sims-Edison 
Electric Torpedo. The Minneapolis. 

No. 262, October. Magnolia Liners for Propeller-Shafts. Sir 
Nathaniel Barnaby on the Best Warship of the Future. 

No. 263, November. The Germans to Launch Torpedoes from 
Swinging Turrets. 

No. 264, December. The Test of a Seventeen-Inch Curved 
Plate at Indian Head. A French Hydraulic Forging Press. The 
Columbia. 
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ENGINEERING NEWS AND AMERICAN RAILWAY JOURNAL. 

Volume XXX., No. 36, September 14, 1893. News: Trial of 
Holtzer Projectiles ; Tornadoes. 

No. ^7, September 14. The New U. S. Cruiser Columbia, 

No. 38, September 21. News : Submarine Torpedo-Boats for the 
United States ; Record of the New U. S. Gunboat Castine ; The 
New Magazine Rifle Selected for the United States Navy ; Rules 
Regulating Speed Trials of U. S. Vessels ; A New Form of Boiler. 

No. 39. September 28. News : Manholes (illustrated), by A. B. 
Willits, U. S. N. 

No. 40, October 5. News : The Holland Submarine Boat. 

No. 41, October 12. News: Holtzer Armor-Piercing Projectiles 
at Sandy Hook. 

No. 43, October 26. News : Difficulties in Working Harvey 
Armor Plates. 

No. 44, November 2.. News: The United States Battleship 
Oregon. 

No. 45, November 9. News: The Detroit, Montgomery and 
Marblehead, three of the newest United States Cruisers, have been 
found to be dangerously top-heavy, according to press reports. 

No. 46, November 16. An Armor-Piercing Mortar Shell. Prelim- 
inary Trial of the U. S. Cruiser Columbia. 

No. 47, November 23. Production of Heavy Steel Forgings in 
the United States, by R. W. Davenport. Trial of the Columbia. 

No. 48, November 30. Machinery for the New Vessels of the 
United States. Triple-Screws for Warships. 

No. 49, December 7. The Efifect of Hardening on the Ultimate 
Strength of Steel (illustrated). Note : Total Cost of the Ships of 
the New U. S. Navy. 

No. 50, December 14. A Fire at the Navy Yard at Norfolk, Va. 

No. 51, December 21. Application of Photography to Surveying. 

GENERAL INFORMATION SERIES. OFFICE OF NAVAL IN- 
TELLIGENCE. 

XIL The International Columbian Naval Rendezvous and 
Review of 1893. 

Organization of U. S. Naval Review fleet, organization of combined fleet, 
the navies represented, act authorizing the Secretary of the Navy to define 
and establish suitable ancborage^rounds in Hampton Roads and New 
York Harbor and to make such rules and regulations as may be necessary 
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in regard to the movement of all vessels therein. Then follows a com- 
prehensive programme for the naval review. The detailed description of 
this novel method of celebration will undoubtedly be of great service on 
future occasions of the same kind. 

Naval Manoeuvres of 1892. Notes on Ships and Torpedo-Boats. 
Notes on Ordnance. Notes on Small-Arms. Some Standard Books 
on Professional Subjects. 

HALLIGAN'S ILLUSTRATED WORLD'S FAIR. 

Part 29. Ordnance and Armor and Other War Material, by 
W. H. Jaques. 

So-called smokeless powders are replacing brown and cocoa, types, and 
many objections to the former appear to have been removed, Captain 
Noble's test of the qualities and capabilities of the explosive cordite (due 
to the researches of Sir Frederick Abel and Professor Dewar) having con- 
vinced him that "so far as the experiments I have made are concerned, it 
has developed no characteristic that would prevent its use in large guns, 
while its smokelessness and its capability of developing, with the same 
pressure, energies enormously in excess of those which can be obtained 
with ordinary powder, present advantages which it would be difficult to 
overrate." 

The Whitehead automobile torpedoes, although still somewhat erratic, 
have reached an average speed of 29^ knots for 850 yards in the 18-inch 
type, carrying an explosive charge of 198 pounds. The Howell, while 
more accurate, has not yet attained so great a speed and range, but it is 
no doubt the more efficient. 

Submarine artillery is still receiving much attention, and excellent 
results have lately been obtained with the Ericsson-Jaques gun and Lassoe 
projectiles. 

Holland and Baker are still struggling with the submarine boat questioa 
Baker's boat is already a familiar object at Chicago. 

With projectiles great success has been obtamed, but the Holtzer still 
retains its lead, although the Firminy-Firth-Carpenter and Wheeler- 
Sterling claim an equal record. J. H. G. 

IRON AGE. 

Volume LIL, September 7, 1893. History and Modern Develop- 
ment of the Art of Interchangeable Construction in Mechanism, IL 
Smokeless Powders. The Form of Propellers. 

September 21. The De Laval Steam Turbine. Test of Holtzer 
Projectiles. The New Navy Rifle. H. S. K. 

October 12. Copper Coating the Hulls of Vessels by Means of 
Electricity. Fuel Oil System at the Fair. 

November 2. Speed Premium for War Vessels. 

November 9. Modem Fixed Ammunition. H. W. J. 

November 16. Naval Rapid-Fire Guns. Four-Valve Tandem 
Compound Engine. Multiple Expansion Engine. Sheet Mill 



BIBLIOGRAPHIC NOTES. 529 

Progress. The Mercantile Cruisers of Foreign Powers. Introduc- 
ing Feed Water into Boilers. An 1893 Bessemer Steel Works. 
Mason Vacuum Regulating Valve. 

November 23. A Yacht Engine of New Design. Heavy Steel 
Forgings, their Production in the United States, by Russell W. 
Davenport, Bethlehem, Pa. Inaugural Session of the Society of 
Naval Architects and Marine Engineers. 

The first paper presented was by Charles H. Cramp, President of the 
Wm. Cramp & Sons Ship and Engine Building Company, on " The Evolu- 
tion of the Atlantic Greyhound." 

"Coal Bunkers and Coaling Ship" was the title of a paper by Lieutenant 
A. P. Niblack, U. S. N., who presented an array of facts showing that the 
vessels of the Navy could not be coaled rapidly because of the disposition 
of bunkers and lack of adequate facilities. The following table shows the 
capacity of the bunkers of some of the ships of the Navy and the time 
required to fill and trim them : 

Total coal Time required to 
capacity. fill bunkers. 
Tons. Hours. 

Atlanta 490 ^;^ 

Chicago 824 28 

Charleston 758 26 

Yorktown 380 24 

Baltimore 1 145 60 

San Francisco 628 33 

Newark 800 28 

As a remedy the author proposed that in cruising ships the bunkers 
below the protective deck be extended the breadth of the ship, but be 
divided in two by a fore and aft bulkhead amidships. A pair of bunkers, 
starboard and port, would thus take up all the space vertically between 
the protective deck and the inner bottom, and, longitudinally, between the 
athwartship water-tight bulkheads. It is proposed that one pair be for- 
ward of the fire-room and another between the engine and fire-rooms ; or, 
in case there are two fire-rooms, as is usual, and it is desired to add a 
third pair of bunkers, then between the two fire-rooms. From their large 
size they would admit of rapid coaling, and from their position would be 
a great protection from raking fire either forward or aft. The paper then 
described and illustrated the appliances necessary for handling the coal. 

A most valuable paper, profusely illustrated, on *' Steel Ships of the 
United States Navy " was prepared by Theodore D. Wilson, ex-Chief Con- 
structor, U. S. N. He first describea the principal features of the steel 
ships of the Navy whose construction had been undertaken since 1883, 
and pointed out the differences and the reasons for the changes. Since 
the above date 43 vessels, of a total displacement of 180,478 tons, and two 
torpedo-boats have been added to or are being completed for the naval 
service. 

The Columbia. 

A description of her boilers and engines. 

December 7. Notes on the Machinery of the New Vessels of 
the U. S. Navy, by Geo. W. Melville, Engineer-in-Chief U. S. N. 
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Work in Hot Pressed Steel. Steel Plate Rolling in Great Britain. 
The Coxe Furnace. The Schutte Balanced Steam Valve. American 
Society of Mechanical Engineers. 
Their annual convention. 

December 14. New Boiler Makers' Tools. Recent Progress in 
the Manufacture of Steel Castings. The Brown Automatic Fire- 
Alarm System. The Schutte Balanced Check Valve. American 
Society of Mechanical Engineers. 

Many valuable papers were read before the convention. A crucible 
furnace for burning petroleum was described. 

The Worthington Condenser. 

December 21. Water Tube Boilers. -The U. S. Cruiser New 
York. 

Her final trial. 

The Depression in Shipping Interests Abroad. The Tesla 
Engine. 

December 28. Practical Application of the Pyrometer. 

JOURNAL OF THE AMERICAN SOCIETY OF NAVAL ENGI- 
NEERS. 

Volume V., No. 4, November, 1893. Digest of Professor Cecil H. 
Peabody's Experiment with the George F. Blake Manufacturing 
Company's Pumping Engine Supplying Potable Water to the City 
of Newton, Mass., by Chief Engineer Isherwood, U. S. Navy. 
The Contract Trials of the U. S. Gunboats Machias and Castine. 
Modern Cranes. 

JOURNAL OF THE ASSOCIATION OF ENGINEERING SOCIETIES. 

Volume XII., No. 10, October, 1893. Light House System of the 
United States. 

No. II, November. Light House System of the United States. 
Modern Gun Making, by W. H. Jaques. 

JOURNAL OF THE FRANKLIN INSTITUTE. 

October, 1893. Thermal Analysis of a Tandem Compound Engine. 
Carborundum. Anti-Friction Ball Bearings and their Manufac- 
ture. Artesian Wells. 

November. The Storage Battery Question. The Methods of 
Testing Fats and Oils. Some Interesting Peculiarities of the 
Alternating Arc Lamp. H. S. K. 

December. On Light and Other High Frequency Phenomena, 
by Nikola Tesla (concluded). The History and Modem Develop- 
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ment of the Art of Interchangeable Construction in Mechanism, 
by W. F. Durfee. The Methods of Testing Fats and Oils. Notes 
on Recent Developments in Electricity Abroad, Part I. Charles 
A. Coulomb, by Prof. Edwin J. Houston. 

JOURNAL OF THE UNITED STATES ARTILLERY. 

Volume IL, No. 4, October, 1893. Notes on Armor, by First 
Lieutenant Erasmus M. Weaver, R. Q. M., Second Artillery, 
U. S. A. 

It is the intention of the writer, after a brief review of the subject of 
armor in general, to present in the Journal, from time to time, such facts 
and information pertaining to armor as may come to his notice and be 
suitable for publication. To the end that the notes may be full, he asks 
contributions from all those who may be interested. Information in this 
line addressed to him at Fort Adams, Newport, R. I., U. S. A., will be 
gratefully received and duly acknowledged. 

Artillery Difficulties in the Next War, by First Lieutenant John 
W. Buckman, First Artillery, U. S. A. Notes on Confederate 
Artillery Instruction and Service, by Professor M. W. Humphreys, 
University of Virginia. Hadfield's Manganese Steel and Chromium 
Steel Projectiles, by Captain Edmund L. Zalinski, Fifth Artillery, 
U. S. A. The Artillery Fire Game (translation). Field Man- 
oeuvres of Artillery Masses and the Instruction to be Drawn There- 
from (translation from Revue d'Ariillerie), Notes on Artillery. 

JOURNAL OF THE UNITED STATES CAVALRY ASSOCIATION. 

Employment of Cavalry in War. Chapters from ''Organization 
and Tactics." 

MINUTES OF PROCEEDINGS OF THE INSTITUTION OF CIVIL 
ENGINEERS. 

Volume CXIII., 1892-93, Part III. Plant for Harbor and Sea 
Works. The Break-Down of the R. M. S. Umbria. Radial Valve- 
Gears : Analysis of the Motion of the Valve. A Method of Test- 
ing Engine Governors. Experiments on the Strength of Portland 
Cement Concrete. A New Method of Designing Wheel-Teeth. 
The ChinipaS Aqueduct and Mineral Railway, Northwest Mexico. 
Hydraulic Work on the Irawadi Delta. The Chenab Weir. Note 
on the Flow off a Catchment Area near Mercara, South India. 
Scherer's Logarithmic Graphic Calculator. 

The calculator can compete in accuracy with a table of four-place loga- 
rithms. 

The Variation in the Economy of the Steam Engine Due to 
Variation in Load. Inexplosible Steam Boilers, Anchor Equip- 
ment of Warships and Recent Trials of Anchors Id "al 
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(German) Navy. The Application of Aluminum and its Alloys to 
Naval Construction. Electrical Resistance of Commercial Copper. 
On a New Electrometer. 

Volume CXIV., 189 2-93, Part IV. Steam Engine Trials. Wreck 
Raising in the River Thames. The Interdependence of Abstract 
Science and Engineering. The 160-Ton Hydraulic Crane at the 
Malta Dockyard Extension Works. On the Manufacture of Modem 
Fixed Ammunition. The Manufacture and Efficiency of Armor 
Plates. 

REPORT OF THE PROCEEDINGS OF THE NUMISMATIC AND 
ANTIQUARIAN SOCIETY OF PHILADELPHIA, 1887-1889. 

On April 5, 1888, Mr. Stewart Culin exhibited a photograph ot a Chinese 
breech-loading cannon now in the collection of trophy guns at the Artil- 
lery School, Fortress Monroe. This interesting weapon was captured in 
Corea in 1861 by the squadron of Rear- Admiral Rodgers. It is a bronze 
wall-piece, with a calibre of 1.44 inches. The barrel is 18.62 inches long, 
and the breech-loading cavity 10.04 inches. Upon one side of the breech 
is an inscription composed of 51 Chinese characters of an ancient style, a 
copy of which was exhibited to the Society. This inscription gives the 
name of the official superintending the casting, of the officer of the artil- 
lery department, of the district magistrate, and of the smith who manu- 
factured the gun, together with its official designation, "4th class fu ran 
chi, number 194," and its weight, 100 catties, or about 133 pounds. The 
date is inscribed as the kwet ch'au year, 8th month, — day, but as the 
characters kwei ch'au only indicate a particular year, the fiftieth, of the 
cycle of 60 years, and no regnal period is given, they are not sufficient to 
fix the age of the piece. The Chinese Minister, in a communication to 
Secretary Bayard under date of July 29, 1886, states that the titles of the 
military officials upon the casting are those created during the Yuen 
dynasty, during which the year indicated by the cyclical characters cor- 
responded witn A. D. 1312, a date more remote than has hitherto been 
accorded to such firearms. 

On October 4, Mr. Culin made another communication with reference 
to the Chinese breech-loading cannon at Fortress Monroe, in which he 
stated that the characters fu ran chi on the breech simply designated it 
as a Frangee, or Frank gun, and that the titles of the military omcials of 
the Yuen dynasty upon which the opinion as to its remote antiquity was 
based, were still used, on the eminent authority of Mr. Satow, in Corea 
where the eun was captured. These facts, with those already elicited, 
were considered by Mr. Culin to establish a comparatively njodern period 
for the gun. 

[There is another at the Naval Academy ; such guns are very common 
in Corea.] 

STEVENS INDICATOR. 

Volume X., No. 3, July, 1893. The Chemical and Physical Exam- 
ination of Portland Cement. Investigation of the Losses of Pressure 
of Compressed Air and of Steam in Pipes. The Electrical Engi- 
neer and His Relation to Mechanical Engineering. 
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No. 4, October. Lecture Notes. Mechanical Integrator. A 
simple Geometrical Proof for the Zeuner Diagram. The Chemical 
and Physical Examination of Portland Cement. 

TECHNOLOGY QUARTERLY, AND THE PROCEEDINGS OF THE 
SOCIETY OF ARTS. 

Volume VL, No. 2, July, 1893. The Fire Hazards of Electricity. 
Fire Risks and Electric Wires. The Blower System of Heating and 
Ventilation. College Athletics. Additional Notes on the Prismatic 
Stadia Telescope. 

TRANSACTIONS OF THE AMERICAN SOCIETY OF CIVIL EN- 
GINEERS. 

Volume XXVIH., March, i 893. Jetty Harbors of the Pacific Coast. 

May. Jetty Harbors of the Pacific Coa^t (discussion). 

June. Erosion of River Banks of the Mississippi and Missouri 
Rivers. 

Volume XXIX., July. Navigation Works Executed in France from 
1876 to 1891. History of the Conversion of the River Clyde into a 
Navigable Water Way, and of the Progress of Glasgow Harbor from 
its Commencement to the Present Day. A Brief Account of the 
Building of Leixoes Harbor. The Limits Attainable in Improv- 
ing the Navigability of Rivers by Means of Regulation. The 
Improvement of Harbors on the South Atlantic Coast of the United 
States. 

Volume XXX., October. Topographic Surveys. Recent Experi- 
ments of the U. S. Coast and Geodetic Survey in the Use of Long 
Steel Tapes for Measuring Base Lines. Terrestrial Magnetism in 
North America, by Charles S. Schott, Assistant U. S. Coast and 
Geodetic Survey. Fundamental Units of Measure, by T. C. Men- 
denhall, Superintendent U. S. Coast and Geodetic Survey. Histori- 
cal Notes tip on Ancient and Modern Surveying and Surveying 
Instruments. The Treatment of Metals for Structural Purposes, by 
James Christie, M. Am. Soc. C. E. The Use of Mild Steel for 
Engineering Structures ; The Use of Basic Mild Steel as Material 
for Construction in Germany. J. H. G. 

FOREIGN. 

ANNALEN DER HYDROGRAPHIE UND MARITIMEN METEOR- 
OLOGIE. 

XXL, Annual Series, 1893, Volume VIII. Report on the Six- 
teenth Competitive Test of Marine Chronometers Made at the Ger- 
man Observatory in the Winter of 1892-93. Contributions to the 
History of Ocean Sailing Directions (conclusion). Drift Ice in 
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Southern Latitudes (conclusion). Voyage of the German Cruiser 
Schwalbe from Zanzibar to Aden. Voyage of the German Cruiser 
Sperber from Sydney to Apia. Extracts from the Cruising Report 
of the Captain of the German Schooner Coquette. Harbors 
and Voyages on the West Coast of South and Central America, 
Guayaquil and Manta, Ecuador, Flores, Azores. The Harbor 
of Cienfuegos, South Coast of Cuba. Minor Notes : Experi- 
ments with Unmanned Balloons in High Altitudes; The Effect 
of Soapy Water on the Waves ; Illuminated Clouds ; Breakers Near 
the Cliff Marambaya, to the Eastward of llha Grande, Coast of 
Brazil. 

Meteorological Journals received at the German Observatory in 
July, 1893. 

The Weather on the German Coast in July, 1893 (with tables). 

Volume IX. Researches in the Magnetic Conditions of Teneriffe 
Island (with chart). Voyage of the German Gunboat Hyane 
from Kameroon to St. Paul de Loando. Voyage of the German 
Cruiser Falke from Kameroon to Freetown. Voyage of the 
German Gunboat litis from Shanghai to Nagasaki, thence to 
Kobe. Voyage of the German Cruiser Arcona from Cape Town to 
Whale Bay, Rio, Sao Francisco and Montevideo. Gorontalo and 
Batui in the Celebes Islands. Sangir Islands. Voyage from Goron- 
talo to the Indian Ocean. Harbors and Passages in the Bismarck 
Archipelago. New Reef Discovered in the Steffen Straits. Voyage 
from Hamburg to Hong Kong. Notes on Delagoa Bay, South 
Africa, and Port Augusta, South Australia. Notes on the Gulf of 
Nicoya, Central America, and on Harbors in the Gulf of California 
Falmouth Harbor, Jamaica. Minor Notes : A Peculiar Fish ; 
Southern Light Observed in the Indian Ocean ; Waterspout in the 
South Atlantic ; Illuminated Clouds in the North Atlantic Ocean. 

Meterological Journals received at the German Observatory in 
August, 1893. 

The Weather on the German Coast in August, 1893 (with 
tables). H. O. 

BOLETIN DEL CENTRO NAVAL. 

Volume XL, August, 1893. Modern Constructions (continued. 
See page 616, Volume X). The New Armament for Infantry. 

It is a brief history of the modern small-calibre guns in use in dif- 
ferent armies. 

The Armament of the Chilian Armored Battleship Capitan Prat 
(Marine de France). J. L. 

DEUTSCHE HEERES-ZEITUNG. 

August 26, 1893. The Losses in the Principal Battles of the Past 
Hundred Years. Numerical Preponderance in the Battles of the 
Future (continued). Military Notes. Naval Notes. 
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August 30. The Mechanical and Intellectual Training of the 
Soldier (a study). Numerical Preponderance in the Battles of the 
Future (continued). Military Notes. Naval Notes. 

•September 2. Numerical Preponderance in the Battles of the 
Future (conclusion). The Use of Disinfectants in Military Barracks. 
Military Notes. Naval Notes. 

September 6. The Grand Manoeuvres of the Second and Third 
Army Corps of the French Army. The Use of Disinfectants in 
Military Barracks (continued). Military Notes. Naval Notes. 

September 9. The Battle Near Montford, January 8, 1871. The 
Use of Disinfectants in Military Barracks (conclusion). Military 
Notes. Naval Notes. 

September 13. Smokeless Powder. Military Notes. Naval 
Notes. 

September 16. The German Garrison Church. Regulations for 
the Italian Grand Manoeuvres. Regulations for the French Grand 
Manoeuvres. Military Notes. Naval Notes. 

September 20. General Miribel. Strategy in Naval War. Military 
Notes. Naval Notes. 

September 23. General v. L6e, of the German Army. Strategy 
and Mobilization. Military Notes. Naval Notes. 

September 27. Instructions of General Du Guiny to the Third 
French Army Corps for the Grand Manoeuvres.- Military Notes. 
Naval Notes. 

October i. The Austrian Cavalry, General v. Edelsheim Gynlai. 
The Value of Conserves to an Army. Military Notes. Naval 
Notes. 

October 4. The Value of Conserves to an Army (continued). 
Military Notes. Naval Notes. 

October 7. The Value of Conserves to an Army (conclusion). 
Military Notes. Naval Notes. 

October ii. The Loss of the Russian Monitor Russalka in the 
Baltic. A Criticism of the Monitor Type of Vessel. Comments on 
the Autumn Manoeuvres of 1893. Military Notes. Naval Notes. 

October 14. The Late General von Versen, of the German Army, 
Comments on the Autumn Manoeuvres of 1893. Military Notes. 
Naval Notes. 

October 18. The Late General von Kamecke, of the German 
Army. Comments on the Autumn Manoeuvres of 1893 (conclusion). 
Military Notes. Naval Notes. 
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October 25. Russian Military Life, as it Is, and as it Should be. 
. Belgium and Switzerland as Neutral Military Powers. Military 
Notes. Naval Notes. 

October 28. The Wars of Frederick the Great. Belgium and 
Switzerland as Neutral Military Powers (continued). Military 
Notes. Naval Notes. 

November i. How Manoeuvre the Large Armies of the Present 
Day ? Belgium and Switzerland as Neutral Military Powers. 

November 4. The Present German Infantry Tactics in the Light 
of Battles around Metz in 1870. Belgium and Switzerland as 
Neutral Military Powers. H. O. 

THE ENGINEER. 

Volume LXXVI., No. 1967, September 8, 1893. The New Cruisers 
Powerful and Terrible. 

Designed tp have a displacement of 14,000 tons, be sheathed and cop- 
pered, and have a speed of 20 knots. 

Late Additions to the French Navy. 

No. 1968, September 15. The New Battleships. 

The Majestic and Magnificent, designed with a displacement of 14,900 
tons each. 

Trial of Schneider's Nickel Steel Armor for Russia. The Devas- 
tation. 

No. 1969, September 2 2. The Russian Battleship Twelve Apostles. 
The Trials of H. M. S. Devastation. 

No. 1970, September 29. United States Warships and War Ma- 
terial. Steam Life Boat with Hydraulic Propellers. 

No. 1 97 1, October 6. French Naval Construction. A Torpedo- 
Ship. H. M. S. Speedy. 

No. 1972, October 13. The Cunard Company's Steamship 
Lucania. 

No. 1973, October 20. American Nickel Steel Armor Plates. 
Ships of War, Large and Small. Induced Draught in Marine Boil- 
ers. Proposed Torpedo-Ship Turtle. The Laval Steam Turbine. 

No. 1974, October 27. Miscellanea: Relating to New Suez 
Canal Regulations and to the Building of an Armed Service Steamer 
by the Canadian Government. Ship Resistance and Tank Experi- 
ments. Second-Class Battleship Admiral Nachimoff. H. W. J. 

No. 1975, November 3. Shipbuilding in America. Lighting Tidal 
Channels. Krupp's Guns and Mountings at the Chicago Exposition. 
The Foundering of the Victoria. The Mersey Bar. Naval Manoeu- 
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vres in 1892. Casualties on Board Ships of War. The Relative 
Merits of Working Hoisting Machinery by Steam, Water and 
Electricity. 

No. 1976, November 10. H. M. S. Speedy. The Loss of H. M. S. 
Victoria. Captain Neale's Apparatus for Signaling Under Water. 
Trials of H'. M. S. Hebe. Gas Engine Development — ^A 600-Horse- 
Power Engine. 

No. 1977, November 17. H. M. S. Victoria. Admiralty Models, 
Illustrating the Loss of the Victoria; Admiralty Minute on the 
Question of Closing Watertight Doors, etc. The following extract 
from the latter explains itself : 

** In conclusion, their Lordships are ot opinion that the general struc- 
tural arrangements of the Victoria — similar in many respects to those of 
other ships in her Majesty's Navy — with the arrangements of water-tight 
doors, armored belt, and protective deck, did not by any fault of principle 
contribute to the loss of the ship ; but that, on the contrary, had the water- 
tight doors, hatches, and ports been closed, the ship would have been 
saved, nothwithstanding the crushing blow which she received from the 
Camperdown." 

Trial of a Yarrow Water-Tube Boiler. H. M. S. Hood. 

"The Hood is undoubtedly the noblest specimen of a turret ship that 
has been hitherto produced." 

No. 1978, November 24. The Bethlehem 125-Ton Hammer. 
The Italian Battleship Sardegna. Trials of H. M. S. Barfleur and 
Revenge. 

These vessels are first-class battleships. 

No. 1979, December i. Admiralty Ferrules. Artillery Experi- 
ments at Elswick. The Manchester Ship Canal. The Bruges Mari- 
time Canal. Lord Charles Beresford's New Naval Programme. 
Trials of H. M. S. Royal Oak. Launches of H. M. S. Daring and 
Dryad. 

The Daring is designated a torpedo-boat destroyer, with an estimated 
speed of 27 knots, and the Dryad as a first-class torpedo gunboat, with a 
speed (estimated) of 19X knots. 

The Efficient Protection of Iron and Steel from Chemical Action. 
Red lead was held to be the best protection. 

No. 1980, December 8. The New Torpedo-Boat Destroyer 
Havock. 

No. 1 98 1, December 15. Torpedo-Boat Destroyers. Launch of 
H. M. S. Forte. 

No. 1982, December 22. Debate on the Navy. A New Explosive 
(Fulgurite). Trials of H. M. S. Theseus. 
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No. 1983, December 29. New Type Torpedo-Boat 
"While going to press with our last issue, No. 93, the first of the ne» 
type of torpedo-boats ordered in 1893. designed by Mr. W. H.While, C.B.,' 
Director of Naval Construction, and built and engined by Messrs. Jno. I. 
Thornycroft & Co., of Chiswick, was completing her trials off Shee mess, at 
which the usual Admiralty officials aiiended. The runs on the mile were 
made on the 14th inst, and gave the following mean results : With steam 
at 225 lbs. pressure per square inch, the engines made 472 revolutions per 
minute, giving the ship a speed of 23.85 knots. Or the three hours' con- 
tinuous run on the zisc inst., 467 revolutions per minute were made by the 
engines, and the speed of ship by log was 23.5 knots. The new type tor- 
pedo-boats are 140 fl. long, 15 ft. 6 in. beam, and their loaded draught 5 ft 
4 in. No, 93 is the only one ordered to be fitted with twin screws. She 
has three cylinder triple-expansion engines of 2000-horse- power, supplied 
with steam by two Thornycroft water-tube boilers. The vessel is armed 
with three 3-pounder guns, and fitted with three 18-in. torpedo-tubes." J 

ENGINEERING. I 

VoLUKE LVI,, No. 1445, September 8, 1893. The Engineering^ 
Congress at Chicago (continued). The Pathology of the Steam 
Engine. The Damage to H. M. S. Howe. Fast Ocean Steam- 
ships (concluded). The La Guaira Harbor Works, Venezuela. 

No. 1446, September 15. Nickel Steel Armor Trials at Creusot 
H. M. First-Class Cruiser Theseus. The Waste of Shipping. The 
New Spanish Cruiser Infanta Maria Teresa. Induced Hot-Air 
Draught in Boilers with Serve Tubes, Launches and Trial Tripft,™ 

The mean speed of H. M. S. Resolution, first-class battleship, by ti 
Cherub log was 17.92 knots. 

Official Tests in Norway with Small-CalJbre Rifies. 

No. 1447, September Z2. Electric Forging. The Engineering 
Congress at Chicago (continued). Launches and Trial Trips. 

The double turret ship Devastation which has been provided 1 
modern triple-expansion engines, on a full power trial for four hours n 
a speed by patent log of 1456 knots. 

No. 1449, October 6. The Engineering Congress at Chicago^ 
(continued). 90-Inch Gun Lathe, World's Columbian Exposition. 

No. 1450, October 13. The Engineering Congress at Chicago 
(continued). Launches and Trial Trips. 

No. 1451, October 20. Steam Trials of the Spanish Cruisi 
Infanta Maria Teresa. 

No. 1452, October 27. Launches and Trial Trips. 

No. 1453, November 3. The Institution of Mechanical En- 
gineers. The British Association. The Engineering Congress at 
Chicago. Napier's Steam Steering Gear. Modifications of Carbon 
ill Iron. 
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No. 1454, November io. The Institution of Mechanical En- 
gineers (concluded). The Marseilles and St. Louis Electric Road 
Railway. The British Association (concluded). The Engineering 
Congress at Chicago. H. M. S. Victoria ; Arrangement of Bulk- 
heads and Walerlight Doors. 

No. 1455, November 17, The National Danger, Refrigerator 
Car at the World's Columbian Exposition. The Engineering Con- 
gress at Chicago. Diagonal Compound Surface Condensing En- 
gines of S. S. Fairy Queen. The Torpedo Gunboats. New 
Smokeless Powder. 

" Plastomeniie " is the name given to a new kind of smokeless powder 
invented by a German, Herr W. Giitller. The solution is poured into 
forms, where it becomes a fairly hard substance, capable of being pressed, 
rolled, eic. The substance can be colored at will, and Is, like celluloid, 
serviceable for numerous purposes. Plaslomenite is used for blasting 
powder, powder for cannons and rifles, signal rockets, etc. The greatest 
advantage claimed for it is complete durability, whilst all other smokeless 
powders, manufactured by the means of etber and nitro-glycerine, invari- 
ably deteriorate. The combustion of plaslomenite is also, it is claimed, 
so well balanced that it leaves no residue in barrel or cartridge, although 
the striking velocity of the projectile is unusually great. The initial 
velocity from 6}4-Tnm. calibre is 715 m., with a gas pressure of consider- 
ably below 3000 atmospheres. It is said that neither cold nor hot weather 
has any effect upon the plastomenite cartridges, whereas all powders con- 
taining nitro-glycerine suffer from changes in the temperature. Hitherto 
plastomenite has principally been manumctured for sporting purposes, but 
Its good qualities have attracted the attention of the German military 
authorities, and it will now be extensively tested in the army. 

The Brown Segmental Wire Gun. 

No. 1456, November 24. The Engineering Congress at Chicago 
(concluded). 3000 Horse-Power Quadruple-Expansion Engines, 
World's Columbian Exposition. Stability of Ironclads. Our 
Battleships. Flash-Lights in Lighthouses. 

No, 1457, December 1. Water-Tube Boilers of H. M. S. Daring. 
Indicator Diagrams on a Time Base for Steam and Gas Engines. 
Triple-Expansion Engines for Turkish Gunboats. The Capsizing 
of a Torpedo-BoaL 

No. 1458, December 8. The Fastest Cruiser in the World (the 
Columbia). 

No. 1459, December 15. Battleship Steam Trials. Additions to 
the British Navy. 

The Naval Construction and Armaments Company have received orders 
from the Admiralty to build three torpedo destroyers of the Havock type. 
These boats have a displacement of 230 tons, 4000 horse-power, and a 
guaranteed speed of 27 knots. The Torch and Alert belong to an entirely 
new class of gunboats, and will be built from the designs of Mr. W. H. 
White, C. B., Director oi Naval Construction. They are to have a length 
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of i8o ft,, a breadth ot 32 ft, 6 in., and a mean load draught of 11 ft. 6 in. 
They will have a displacement of 960 tons, and will be fitted with machinery 
of 1400 horse-power under forced draught, and 1050 horse-power under 
natural draught, with a speed of I3.:i5 knots and 13.25 knots respectively. 
Their armament will consist entirely of quick-firing guns, each carrying 
six 25-pounders and four 3-pounders. 

No. 1460, December zz. A New Peru. Steam Boiler Experi- 
ments. Engines of ihe Italian Cruiser Aretusa. The Debate on 
the Navy. 'I he Evolution of the Atlantic Greyhound. Shipbuilding 
and Marine Engineering in 1 893. The American Navy. 

No. 1461, December 29. A New Peru. The American Society 
of Naval Architects. 



Table Showing Expenditures of Coal on U, S. S. Charleston at 
Various Speeds. Warship Building. Electrical Signaling by the 
Telephotos. J, H. G. 

JOURNAL OF THE ROYAL UNITED SERVICE INSTITUTION. 

No. 187, Seittember 15, 1893. The Handling of Masses of Artil- 
lery. The Phonograph and its Application to Military Purposes. 
Recent Progress in Marine Machinery. German Instructions for 
Field Fortifications. Naval and Military Notes. 

No. 188, OcTOBKR 15. Dress and Equipment, with Practical 
Illustrations. Coal Consumption of Ships of War, 
An interesting paper on a very important subject. 

Mobilization for Home Defense. French Naval Manceuvres of 
1893. Nava! and Military Notes. Recent Naval Literature. 
Coast Artillery Practice. Tactical Deductions from the Recent , 
Skeleton Exercises Near Reading. The Italian Naval Manceuvres 
of 1893. 

No. 189, November 15. The New German Army Bi!L 



The German Army v 
538 battalii 
46; squad t 
494 batter! 
37 bat tail 



'ill in fum 






! and 173 half battalions of ii 
is of cavalry, 
of field and horse artillery, 
s of foot artillery. 
23 battalions of pioneers. 
7 battalions of railway troops. 
21 battalions of trained troops. 
These are formed in peace times into 20 army corps, each of two divi- 
sions, with the exception of 4 corps. In each of which there are 3 divisions. 
The following figures give the actual numbers of the German Army under 
the provisions ofthe New Army Bill : 
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Men 479,229 

Officers 22,455 

One year volunteers (say) 9,000 

Total combatants 588,548 

Medical officers 2,068 

Paymasters 1,102 

Veterinary Surgeons 578 

Armorers, Saddlers, etc i»i 53 

Total 593.449 

No. 190, December 15. Discussion of the Military Prize Essay, 
1893. Proposed Mariners' Compass Card Marked in Degrees only. 
The Lephay Luminous Compass. The Whitehead Torpedo and 
its Relation to Modern Armaments and Tactics. Naval and Mili- 
tary Notes. 

M^MOIRES DE LA SOClfiTE DES INGfiNIEURS CIVILS. 

Forty-Sixth Year, August, 1893. Research into the Causes of 
Accidents in Multitubular Boilers. Notes upon Poly phased Alter- 
nate Currents. The Auriferous Beds of Italy. 

September. The Soci6t6 des Ing6nieurs Civils During the Siege 
of Paris. Chronicles No. 165, by M. A. Mallet. Comptes Rendus. 

J. L. 
MILITAR WOCHENBLATT. 

August 30, 1893. Increasing the Interval Between Pieces, and 
Mixing Different Commands of Field Artillery. Prof. Hebler's 
Light and Heavy Bullet. 

September 2. Target Practice in the Altwater Mountains, Aus- 
tria. Practice Ammunition of the French Artillery. 

- September 6. The Family von Ranch in the Prussian Army. 
Review of the Latest Inventions and Discoveries in the Military 
and Technical Fields (continued). Aluminum Cooking Utensils 
for Field Service. 

September 9. Review of the Latest Inventions and Discoveries 
in Military and Technical Fields (continued). New Regulations 
for the Distribution and Service . of Officers of the Cossack Regi- 
ments. 

September 13. Sanitary Report of the Bavarian Army, from 
April I, 1889, to March 31, 1891. Turkish Irregular Cavalry. 

September 27. Cavalry Manoeuvres in Peace. 

October 4. Rifled Breech-Loading Mortars in the United States. 
A description of the 12-in. Mortar for Coast Defense. 
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October 7. Observations on Arlillery Manceuvres. The Grand 

Manceuvres near Krassnoe, Selo. Voluntary Targ;et Practice in 

, Switzerland. 

OcTOBEK II, Comments on the German Manceuvres in Alsace ] 
and Lorraine. Portable Tent Equipment for the Austrian Array. 

October 14, Comments on the German Manceuvres in Alsace 
and Lorraine (continued). English Torpedo-Boat Destroyers. 

A review of the different classes of lorpedo-boais built in England, in 
recent years, and a description of the latest type, the Havoek. 

October 15, Comments on the German Manoeuvres in Alsace 
and Lorraine (continued). The New ReguSalions for Infantry Fire 
in the German Army. The Acquirement of the Russian and Polish 
Languages by German Army Officers. 

OcTOBEK 28. The New Regulations for Infantry Fire in the Ger- 
man Army (conclusion). 

November i. Comments on the German Army Manoeuvres in 
Alsace and Lorraine (continued), 

November 4, The French Manceuvres of 1893. The Use of 
Machine Guns by (he Swiss Cavalry. Redistiibution of the 
Spanish Army. 

MITTHEILUNGEN AUS DEM GEBIETE DES SEEWESENS. 



The Torpedo 
The Victoria 



Volume XXL, Annual Series 1893, Nos. 8 and 9. 
and Rapid-Firing Guns of Large Calibre (a stutly). 
Court Martial. 

A full account of the proceetlings of the court. 

New Regulations for the Training of Gunners for the French 
Navy. The Allen Ice Machine. The German Naval Budget for 
1894. The Italian Naval Budget for 1894. The American Naphtha- 
Boat, Constructed on the Morris System. Spontaneous Com- 
bustion of a Cargo of Coal on Board the English Bark Homesfeld. 
Tests of Armor for the U. S. Navy, Ammunition-Hoists for Rapid- 
Firing Guns. Nickel Steel Armor in Russia. The Ocean Voyage 
of the Viking Ship. Notes on the U. S. Navy. Speed Trials of 
French Torpedo-Boats. Submarine Boats. Subsidies for the 
Hungarian Merchant Marine. New Programme for the Examina- 
tion of OfEcers of the French Merchant Marine and Yachts. 
Organization of the Fleet and Squadron Staffs in the French Kavy, 
Qualified Torpedo -Office is in the French Navy. Recent Construc- 
tions in Torpedo Vessels in England. Placing Lij^ht-Keepers under 
Military Control in France. The Steam Life-Boat Duke of North- 
umberland. The Loss of the Brazilian Cruiser Almirante Barroso 
and of the Russian Cruiser Vitjaz. The Use of Oil at Sea. A New 
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Type of Vessels with Central Propeller. The Adoption of Mineral 
Oils or Electricity for Running Lights in the French Navy, 
Machine Oil in the French Navy. The Voyage of the three 
Caravels from Havana to New York, Testing Armor-Plates in the 
United States. Reorganization of the Italian Ministry of Marine. 
Seamless Steel Boals. The Russian Inland and Coast Shipping. 
The Italian Prelected Cruiser Liguria. Torpedo Tests in the 
Harbor of Toulon, France. 

No. lo. The Torpedo and Rapid-Firing Guns of Large Calibre 
(a study ; conclusion). On the Relative Accuracy of the Theodo- 
lite and Sextant Time Observations. 

A review of the trials of changes and inventions in, etc. 

Ships' Armor and Marine Artillery or Naval Ordnance. Lloyd's 
Rules for Electric Light Installation on Board Ship. Whitworth 
Recoil Check on Board the Devastation. The Naval Expenditures 
of the Different Sea Powers. The French Battleship Charles 
Martel. The French Torpedo Dispatch Boat D'lberville. The 
French Torpedo-Cruiser Mousquetaire. The New English Battle- 
ships Majestic and Magnificent, and Cruisers of the First-Class. 
The Trial of the Battery of the English Battleship Ramillies. The 
Distribution of the Italian Warships on the Italian Coast. Sub- 
marine Boats in the United States. A Hydro- Pneumatic Ash- 
Ejector. 

No. II. The English Fleet Manoeuvres of 1893. The French 
Fleet Manceuvres of 1893. The Forcible Entrance of the French 
Warships Inconstant and Comete into the M6nam River, Sub- 
marine Boats. The Effect of Changes in Screw-Pro pel lers on the 
Speed of Vessels. The Fortifications of the Harlior of Spezia, Italy. 
Semaphore Signal Stations on the Italian Coast The U. S. Cruiser 
Minneapolis, French Palrol-Boals for Use in ihe Upper Mekong. 
The French Protected Cruiser D'Entrecasteaux. The French Tor- 
pedo-Cruiser Lansquenet. Accident on Board a French Torpedo- 
BoaL The English Turret-Ship Devastation. Trial of the English 
Torpedo-Cruiser Renard. Changes in the Turkish Navy. The 
New Cruiser Blanco Encalada for the Chilean Navy. Proposed 
Increase of the Japanese Navy during the Coming Year. The 
Spanish Cruiser Infanta Maria Teresa. 

The result of her trial under natural draft: she attained a. mean speed 
of 18,48 knots ; ,48 knots above the contract speed. 

Launch of the Russian Torpedo-Boat Tossna. The Loss of Ihe 
Russian Monitor Rusalka, and of the Haytian Despatch Boat Alex- 
andre Petian. Grounding of the English Battleship Camperdown in 
the Entrance to Malta. Tests of the Armor Plates fur the Russian 
Armored Ship Tri Sojalitelja. Cost of Harveyized Armor Plates. 
Rearrangement of the German Coast into District^. 

The German coast is divided into six districts, each under a naval officer 
as inspector. 
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The Results which will follow the Opening of the North Sea and 
Baltic Canal. Raising Sunken Vessels by Means of Air-Bags, 
New Dry-Docks at Portsmouth, England, H. O 

LE MONITEUR DE LA FLOTTE, 

No, 46, November 18, 1893. The Naval Defense Act. 

This is a comment by M. Marc Landry upon several articles that have I 
lately appeared in the London Thnes, of which the motives are very f 
apparent to the author and the naval world in general. 

The Navy on the Niger. The Issue to the Fleet of the Berthon | 
Life Boats. The Policy of England. 

A supplementary article exposing the schemes of Great Britain to n 
traliie French colonial developments in Madagascar, Newfoundland, e 
by M. De Mahy, Vice-President of the French Chamber of Deputies. 

No. 47, November 25. The Chiefs of Staff Question. 

No. 48, December I. The French Navy. The Policy of England 1 
in Egypt, Madagascar, Newfoundland (continued). J. L, 



L 



No. r, February, 1893. Description of the Experimental Ap- 
paratus and Shaping Machine for Ship Models at the Admiralty I 
Experiment Works, Haslar, by Mr. R. Edrnmid Froude. 

No. 3, August. On Recent Developments in the Cleveland Iron i 
and Steel Industries. 

PROCEEDINGS OF THE ROVAL ARTILLERY INSTITUTION. 

VoLLTME XX., No. 9, September, 1893. Adjuncts of Defense. 
Horses' Snow Shoes. A Proposed Method of Firing at Moving 
Objects at Moderate Ranges. Memoirs, Historical and Biographi- 
cal. Penetration and Effects of Projectiles on Earth and Masonry. 

No. 10, OcTOBEH. Journal of Major George Brooke, ist Brigade, 
Bengal Horse Artillery, 1838. Royal Trophy Guns at Windsor. 
Tactical Problems. Self-adjusting Firing Lanyard for Field Artil- 
lery. Siege of Minorca — by an Officer who was Present at the , 
Siege. Translation of "Tactical Observations," by General ] 
Dragomirov. 

No. 1 1, November. A Proposal for the Supply of Ammunition in 
the Field. Note on Infantry Tactics. Siege of Minorca, 1756. 
by an Officer who was Present at the Siege (concluded). Lectures 
for N. C. O. and Men of Field Artillery, 

No. I z, December. A Visit to Aspern and Wagram. 

Being an account of the passage of the Danube by Napoleon in 180 
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Some Notes on Naval Gun Drill and Practice. Clipping^ of the 
Troop Horses. Army Schools. Horse Artillery Guns at Waterloo. 

J. H. G. 
REVISTA TECNOLOGICO INDUSTRIAL. 

N(jM. lo, October, 1893. Harmonic Valve Diagram. Descrip- 
tive and Rational Chemistry (end). 

REVUE DU CERCLE MILITAIRE. 

No. 32, August 6, 1893. The Mekong. Project of Reorganization 
of the Italian Army. 

No. $$, August 13. The Normal Calibre of the Infantry Rifle. 
War-Dogs in the German Army. Project of Reorganization of the 
Italian Army (continued in Nos. 34 and 35). 

No. $6, September 3. New Firing Instructions for the Italian 
Army. The Normal Calibre of the Infantry Rifle (ended). 

No. 37, September 10. Our Naval Manoeuvres as Judged by the 
English. 

No. 38, September 17. The Grand Manoeuvres of 1893. The 
New German Regulations Concerning Field Fortifications. New 
Firing Instructions for the Italian Army. 

No. 39, September 24. The Grand Military Manoeuvres of 1893 
(with map, continued). 

No. 40, October i. The System of Light Bridges for Infantry 
Troops (with sketches). The Grand Manoeuvres of 1893 (with 
maps, continued). 

No. 41, October 8. The Grand Manoeuvres, etc. (continued). 
New Firing Instructions for the Italian Artillery. 

No. 43, October 22. The Russian "Okhotniki," and Night 
Engagements. 

No. 44, October 29. The Problem of Mounted Infantry Solved 
by the Use of the Bicycle. The New German Regulations for Field 
Fortifications (continued). New Fire Instructions of the Italian 
Army. 

No. 45, November 5. Drill of the Medical Corps Attached to the 
Government of Paris. The Irregular Troops of the Chinese Army. 

No. 46, November 12. A Field Manoeuvre for the Instruction of 
the Officers of the Reserve and of the Territorial Army. 

No. 47, November 19. Spain in Morocco (with map). The 
Problem of Mounted Infantry Solved by the Use of the Bicycle 
(continued). 



BIBLIOGRAPHIC NOTES. 

No. 48, November z6. Incorporation in Time of Peace of the 
■IKen Classified for Auxiliary Duties. The Irregular Troops of the 
■ Chinese Army (ended). The Problem of Mounted Infantry, etc. 

No, 49, December 3. Incorporation in Time of Peace of the 
I Men Classified for Auxiliary Duties. The Problem of Mounted, etc, 
fi (ended). 

REVUE MARITIME ET COLONIALE. 

Volume CXVIII., No, 384, Septemuer. Description and Theory 
I Route Check (controleur de route). Plan of a Differential 
Counter, Registering in any Part of the Ship the Indications of the 
Valessie Counter. A History of Nautical Instruments. Gale ob- 
served on Feb. 20, 1879, at the Rochefort Naval Observatory. 
A Study of the Civil and Military Organization of China. A Plan 
of Route Signals in Thick Weather and Night Time. A Historical 
Study of the Military Marine of France. 

No. 385, October. Geometry of Diagrams, Economic Ques- 
I tions upon Indicator Curves. Geographical, Topographical and 
P Statistical Notes on Dahomey. Exploration of the Magnetic Field 
' in the Interior of Armored Conning Towers. A New Hydro- 
graphic Circle. Statistics of Wrecks and Other Mishaps at Sea for ' 
the Year 1891. 

Volume CXIX., No. 386, November. Description of a Jury Rudder 
by the Captain of the S. S. Dom Pedro. A Vocabulary of Powders 
and Explosives. Statistics of Shipwrecks and Other Casualties at 
Sea for the Year 1891 (ended). Development of the Merchant 
I Marine of the German Empire. 



[ RIVISTA Dl ARTIGLIERIA E GENIO. 

Volume III., July-August. An Account of Siege Operations from j 
the .Adoption of Modern Arms of Precision to the Year 189Z. The 
School of Fire for Field and Siege Artillery. Project of a New 
Field-Tent Accommodating Four Soldiers. 

September. Operations Against Fortified Places (Reciprocal Con- 
ditions of Attack and Defense). Practical Hints in Regard to the 
Fire' of Siege Ordnance. The Ammunition Supply and Service of 
Field Artillery. Mountain Waifare. Practical Questions. Field 
Artillery and its Action in Concerted Manoeuvres with the Other \ 
Arms of the Service. 

Volume IV., November. Mountain Warfare, etc. (with map, con- 
tinued). Special Instructions for the German Foot Artillery. In- 
fluence iif the New Means of Offense Against Temporary Field I 
Fortifications. Brief Cnnsideralions on the Instruction in Position 
Taking by Batteries of Field Artillery. J. 



RIVISTA MARITTIMA. 

Anno XXVI., No. 5, May 1893. Naval Architecture, 

Graphic determination of the speed curves and graphic correction of 

friction. (A review and analysis of a paper read oy Denholm Young.) 

On the Laws of War. 

General Ideas. The Declaration of War. Status of belligerent states 
towards each other. Rights and duties of belligerent states towards citi/.ens 
of enemy's country. Rights over enemies' goods. Contraband of War. 
End of the war. 

Naphtha and Torpedo-Boat 104 S (continued from preceding 
number). 

Mechanical, steam and compressed-air pulverization of petroleum rc- 

The Arsenals of the Royal Marine, and Their Economical Gov- 
ernment. Collection of the Works of Sir W. Froude, F. R. S., 
upon the Resistance to the Movement of Ships (continued from 
January, 1893). Popular Nautical Songs. 

A brief account of Dibdin, Yaun Nibor and Gabriele d'Aumeniio, 
neither of whom represents the true folk-poetry of sailors. 

Vocabulary of Powders and Explosives (continued). Chronicle : 
Argentine Independence; Austrian Manceuvres; New French 
Vessels ; Experiments with Artiiicial Smoke to Mask Torpedo- 
Boats ; New English Ships ; Russian Notes on Armament ; Ex- 
penditures ; New Spanish Gunboats; Notice of the Vesuvius; 
English Submarine Torpedo Experiments; The Transmission of 
Heat Through Tube-Plates (trans.). 

No. 6, June. Defensive Maritime Centres, and Types of Ships. 

Recapitulates the importance of naval arsenals in appropriate positions 
to command both basins of the Mediterranean, and the approaches to Italy 
from Suei and Gibraltar. Defines the principal duty of a fleet to be the 
ability to proceed quickly and offensively against enemy's territory, and 
outlines offensive operations agamst hostile material. Dominion of the sea 
a. sine qua non. Advocates strongly fortifying naval centres. Advocates 

firotecied cruisers of not more than 2000 tons. Delends the heavily armored 
talian types. Reviews the latest types of cruisers and torpedo- d oats, etc. 

Naphtha and Torpedo-Boat 104 S (continued). Recent Prngress 
in Marine Engines (continued). Transatlantic Routes (with map). 
Chronicle: Launch of theAustrian Maria Teresa ; French Torpedo- 
Boats; English Cruisers Powerful, Terrible, Magnificent and 
Majestic ; Submarine Experiments ; The Stranding of the Howe ; 
Shipwreck of the Brigantine Italia ; The First Unsinkable Ship. 

No. 7, July. Aluminium ; a Study of its Production, with 
several cuts of furnaces. Of Contraband of War. Elements of 
Thermo-Chemistry Applied to Explosives. New Explosives. 
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Collection of the Writings of Sir William Froude, F. R, S. on the 
Resistance to the Motion of Ships. The Loss of the Victoria. 

Chronicle: French Naval Estimates 1894; German Cruiser Gefion; 
English Cruisers Fox and Charybdis ; Supply of Coal at Sea ; Exer- 
cising the Torpedo-Doats at Maddaleiia, Italy ; Launch of the Rus- 
sian Armored Ship Admiral Seniavin ; English Tests of Submarine 
Guns, and Conference Upon Armament of Ships. 

Supplement. Budget of the Minister of Marine for 1893-94. 

Status of the mariciine forces ; documents presented to the Italian 
Congress, and discussions on the enpendilures and naval policy. Tables 
giving comparative strength of Italian and French ships. Numerical 
expression of the military power of a vessel. 

Nos. 8 AND 9, AvGUST, September. Oil Used to Calm the Waves. 

Reviews the history of the whole subject, giving to our Hydrographic 
Office the credit of establishing the use of oil. Many examples of its 
modern use are given. Diagrams represent the best manner of using oil, 
of furnishing bags and pumps to spread it, and of its use in life-saving ap- 
paratus and torpedoes. 

Historical Sketches of Ancient Monster Cannon. Aluminium 
(continued). Chronicle: Austrian Appnipriation for 1894 j Sketches 
of German Naval Manceuvres : The Loss of the Victoria ; The De 
Frasseix Range Finder ; Studies Upon the Chinese Typhoons; The 
Currents of the Atlantic ; Bishop's Rock Lighthouse. F. S. B, 

No. 10, October. Armor Plates for Ships {with cuts). Electro- 
Magnetic Affinities Between Some Cosmic, Telluric and Atmos- 
pheric Phenomena. About a Formula for Calculating the Average 
Indicated Power of Marine Steam Engines. Oils in Use for Still- 
ing the Waves. 

Supplement. The Cruiser Etna in Canada. 

No. II, November. The Seal Fishery in Behring Sea. Histori- 1 
cal NotesUpon the Ancient Italian Compass Card. Humanitarian- 
ism and Loyalty in the Usages of War, The War of the Succession ii 
Spain. Maritime Fiction ; Marryat and Pierre Loti. Armor Plates j 
for Ships (continued). 

No. 12, December. Electric Ventilators. Armor Plates foi 
Ships (with cuts, continued). The Seal Fishery in Behring Seaj 
(end). 

Supplement. The Cruise of the Yacht Corsaro in America. 

A voyage undertaken by Captain d'Albertis, to complete by a 
observations a work entitled "The Art of Navigation at the Epoch of 
Christopher Columbus." J. ' 

STEAMSHIP. 

Volume V., No. 52, October, 1893, Passing Events : Deteriora- 1 
tion of Marine Boilers. The Lucania's Record, The United States I 
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Armored Cruiser New York. Triple-Expansion Engines of the 
U. S. Revenue Steamer William Windom. Theory of the Mechan- 
ical Propulsion of Ships. The Testing of Boilers. Why Oil has 
an Influence on Waves. Electric Torpedo-Boats. The U. S. 
Protected Cruisers Columbia and Minneapolis. The New First- 
Class Cruisers (the Powerful and Terrible of 14,000 tons dis- 
placement). 

No. 53, November. Passing Events : The Case of Marine Boilers ; 
Submarine Propulsion; Torpedo-Boat Destroyers; French Naval 
Preparations for War. Proposed New Form of Atlantic Steamship. 
Improvements in Dynamos and Motors. A New American Steam 
Steering Gear. 

No. 54, December. Passing Events : H. M. Torpedo-Gunboat 
Speedy ; Report of Engineer-in-Chief, U. S. Navy ; An Electrical 
Capstan. Evaporators and Feed Heaters for Marine Boilers. 
Induced Draught for Steamships. The U. S. Gunboat Castine. 
Launch of a Second-Class Cruiser (British, the Hermione). The 
Strength of Large Ships. 

TRANSACTIONS OF THE CANADIAN SOCIETY OF CIVIL EN- 
GINEERS. 

Volume VI., Part I., May, 1893. The Use of Safe Explosives 
in Mines. 

Volume VII., Part I., September. A New Form of Steam Boilers. 
Transmission and Distribution of Power by Compressed Air. 

TRANSACTIONS OF THE INSTITUTION OF NAVAL ARCHI- 
TECTS. 

Volume XXXIV., 1893. On the Present Position of Cruisers in 
Naval Warfare, by Rear-Admiral Samuel Long, summarized as 
follows : 

(1) There exists a class of cruisers analogous to battleships. These 
mignt advantageously be termed battle-cruisers. 

(2) That speed and endurance are qualities of primary importance in 
cruisers, and should be associated with high freeboard. 

(3) If a quantitative estimate may be hazarded, the minimum sea speed 
now acceptable should be 20 knots and the coal supply sufficient to last the 
minimum of seven days, 20 hours each day, at 10 knots and four hours at 
chasing speed, besides enough to proceed to and from the base at 10 knots 
and fight an action. 

(4) That powerful cruisers at the end of a telegraph wire will be more 
conducive to sea power than numerous small ones, where ocean routes are 
concerned. 

(5) That subsidies should be given to steamship companies for all vessels 
maintaining a sea speed of 21 knots. 

(6) That the convoy of slow merchant steamers is likely to form an im- 
portant feature of naval work in war, and would be a more effectual and 
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r at present t 



economical means of protecting trade, by insuring 
presence of wa.r-sliip and mercVtantmao, than any otlit 
templated. 

Merchant Cruisers ; Considered with Reference to the Policy trfij 
Mainlainiiig a Reserve of Vessels by Annual Subventions to Ship-I 
owners, by Right Hon. Lord Brassey, K., C. B. Some Considera-' 
tioiis Relating lo the Strength of Bulkheads. On the Measurement 
of Wake Currents. On the New AfonasiefFs FormuliE for Solving 
Approximately Various Problems Connected with the Propulsion 
of Ships. 



Forpraciicalpurposes, ( ^ 1 » ZJ —7355 V s" 



s thedi 

placement in tons, L the length between perpendiculars, S the breadth 
the load waterline, // the indicated horse-power of the engi 
speed in knots, and A a. consiant. 

Some Experiments on the Transmission of Heat Through Tube' 
Plates. Notes on Some Alterations of Form to Which Boilers Are 
Subject When Under Working Conditions. On an Apparatus for 
Measuring and Registering the Vibration of Steamers. A Method 
for Temporary Repairs of Fractures in the Iron Plates of Ships. 
On Approximate Curves of Stability. On Some Experiments With 
the Engines of S. S. Iveagh. On Working Triple-Expansion En- 
gines as Compounds. The Cyclogram or Clock-Face Diagram of' 
the Sequence of Pressures in Multi-Cylinder Steam Engi: 



Volume IX., 1893-93. Combustion of Coal and Prevention of 
Smoke. Marine-Boiler Furnaces. Amount of Water Suspended in 
Steam. Ships' Electrical Fittings. Types and Proportions of Mer- 
cantile Steamers. Strains of Tank Steamers, 



The Geology and Coal- 



Volume XLIL, Part III., May, 
Deposits of Natal. 

UNITED SERVICE GAZETTE. 

No. 3166, September 9, 1893. The Navy and the Spirit Question. 
The Sovereignty of the Seas. Our Guns. Rum in the Navy, II, 

No. 3167, September 16. The Krn k a- Hebler Tubular Projectiles, 
IV. American Opinion of Our Naval Strength. The AdmiraltrJ 
and Engine-Room Artificers. 

No. 3168, September 23. The Admiralty Inspections. Nava] 
Warrant Officers. Appropriation in the Lower Ranks of the Navy.I 
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No. 3169, Septembes 30. Lord Armstrong on the Navy. Ad- 
miralty Inspections, II. Command of the Sea. 

No. 3 1 70, October 7, Command of the Sea, II. Our Ship Build- 
ing Policy. The British Army in 1892. The Home Defense 
' Scheme. 

No. 31 71, October 14. The Development of the Navy. 

No, 3172, October zi. Royal Naval College (Programme). 
Trafalgar. The Foudroyant 

No. 3 '73. October 28. The Italian Navy. Imperial German 
Manoeuvres in Alsace and Lorraine. Royal School for Naval and 
Marine Officers' Daughters. Our Greatest Need. 

To strengthen the fleet. 

No. 3174, November 4. The Loss of the Victoria. The Care of 
Our Woundi'd in War. General Brialmont on Corps D'Elite. 

No. 3175, November 11. General Brialmont on Corps D'Elite, II. 
Imperial German Manosuvres in Alsace and Lorraine, II. The 
Education of German War Dogs. Our Naval Weakness. Army 
Examinations. 

No. 3176, November 18. A French View of the Morocco Ques- 
tion. Volunteer Law and Administration. Our Present Naval 
Position. Our Naval Weakness, II. Field Woiks in Military 
Operations. 

No. 3177, November 25. Our NavalUnpreparedneas. Our Naval 
Weakness. Imperial German Manosuvres in Alsace and Lorraine, 
III. Ammunilion Supply. Russia in the Northern Seas. Our 
Army and Military System. 

No. 3178, December 2, The Ideal Explosive. Stations of the 
British Array and Navy, corrected up to December 2. The Spanish 
Army, Its New Organization. Defense of Our Trade Routes. 
Official Optimism Regarding the Navy. Four Company Battalions. 

No. 3179, December 9. French and English Fleets in the Medi- 
terranean. The Coming War. Torpedo Tests (of the Howell in 
the United States). The Naval Awakening. Hasty Defenses on 
the Battlefield. 

No. 3180, December 16. Our Naval Weakness. The United 
States Army. - The Naval Awakening, II. The Empress of India. 

23. The French Navy, The Naval Debate. 

8j, December 30. Ship Building in the Royal Dockyards 
Aerial Navigation, Has It Been Solved? Our Latest 
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Naval Success, The Havock. The 
Fromolere. Correspondence. 

Naval armaments. 

The Soldiers' and Sailors' Families' Association. 

LE YACHT. 

No. 806, August 19, 1893. The English Naval Manoeuvres.! 
(E. Weyl). 

One thing seems to have impressed the eye- 

and that was the inefficiency oithe torpedo-catchers and torpedo-gunboalL 
during the operations. Mishaps were of frequent occurence, and ihdr 
speed atsea fell off from 40 to 30 per cent of their speed on paper. I 
word they were a constant source of anxiety to the fleet commanders. .._ 
a result of that inelhciency the English Admiralty decided to actively 
push forward the construction of torpedo-destroyers destined eventually 
to take ihe place of the catchers. 

No. 807, AuGiBT z6. Oceanography and Pleasure Navigation. 
Trials of the Plates of the Russian Armorclad Three Saints, 

The trials toolt place lately at the polygon of the Creusot Works, 
and were highly satisfactory. 

A Speed of Thirty Knots for Transatlantic Steamers. 

No. 808, September 2. Oceanography and Pleasure Navigation 
(Yachting). 

No. 809, Seftembzr 9. The Loss of the Victoria in the House of 
Commons. The English Armored Vessels Magnificent and Majes- 
tic. An American Life Raft, 

No. 810, September 16. Submarine Torpedo-Boats ; Their Role 
in Future Naval Wars. The New English Crm'sers Powerful and 
Terrible. 

No. 81 1, September 13. The Command of Squadrons (E. Weyl), 

As was natural, the loss of the Victoria brought out prominently in 
navy periodicals the question of evolutions at sea, and M. Weyl handles 
the subject with his customary skill and competency. 

No. 812, September 30, The Visit of the Russian Squadron. 
The Steam Yacht Feiseen, the swiftest boat in the world. 

No. 813, October 7. The Italian Navy Estimates (E. Weyl), A 
Coal Ash Ejector, 

No. 814, October 14. The Russian Squadron at Toulon. The 
, America's Cup. The Valkyrie and Vigilant. 

No. 815, October 21. Reception of the Russian Squadron al 
Toulon. A New York Correspondence on the Cup Races. Preser- 
vation of Shafts on Ocean Steamers. 
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No. 8x6, October 28. The Franco-Russian Fetes. The Spanish 
Cruiser Infanta Maria Teresa. The French Cruiser Isly at Copen- 
hagen. 

No. 817, November 4. Visit of the President of the French Re- 
public to Toulon, and Departure of the Russian Squadron. 

« 

No. 818, November ii. The Superstructures of Armored Battle- 
ships, and the Rapid-Fire Cannon. Rowing ; Revision of the Race 
Code. 

No. 819, November 16. Epilogue of the Loss of the Victoria. 
Aluminium in Ship Constructions ; the Torpedo-Boat Ordered 
from Yarrow by the French Government. Protection of Iron Hulls 
by Means of Copper Electrotypic Coating. 

No. 820, November 25. The Campaign in England in Favor of 
an Increase of the British Fleet (E. Weyl). Electric Motors of 
Continuous Currents. 

No. 821, December 2. A Campaign in England in Favor of an 
Increase of the British Fleet (continued). Commander Fleuriais' 
Double Reflection Micrometer. The New Table of Distances from 
Port to Port. J. L. 

REVIEWERS AND TRANSLATORS. 

Lieut. F. S. Bassett, U. S. Navy, Lieut. J. H. Glennon, U. S. Navy, 

** Hugo OSTERHAUS, " P. A. Engr. H. W. Jones, " 

*» H. S. Knapp, " Prof. Jules Leroux. 



SPECIAL NOTICE, 



NAVAL INSTITUTE PRIZE ESSAY, 1895. 



A prize of one hundred dollars, with a gold medal, is offered by the 
Naval Institute for the best essay presented on any subject pertaining to 
the naval profession, subject to the following rules : 

1. The award for the prize shall be made by the Board of Control, 
voting by ballot and without knowledge of the names of the competitors. 

2. Each competitor to send his essay in a sealed envelope to the Secre- 
tary and Treasurer on or before January i, 1895. The name of the writer 
shall not be given in this envelope, but instead thereof a motto. • Accom- 
panying the essay a separate sealed envelope will be sent to the Secretary 
and Treasurer, with the motto x)n the outside and writer's name and motto 
inside. This envelope is not to be opened until after the decision of the 
Board. 

3. The successful essay to be published in the Proceedings of the Insti- 
tute ; and the essays of other competitors, receiving honorable mention, 
to be published also, at the discretion of the Board of Control ; and no 
change shall be made in the text of any competitive essay, published in 
the Proceedings of the Institute, after it leaves the hands of the Board. 

4. Any essay not having received honorable mention, may be published 
also, at the discretion of the Board of Control, but only with the consent of 
the author. 

5. The essay is limited to fifty (50) printed pages of the Proceedings of 
the Institute. 

6. All essays submitted must be either type-written or copied in a clear 
and legible hand. 

7. The successful competitor will be made a Life Member of the Insti- 
tute. 

8. In the event of the Prize being awarded to the winner of a previous 
year, a gold clasp, suitably engraved, will be given in lieu of a gold medal. 

By direction of Board of Control. 

J. H. Glennon, 
Lieut., U: S. iV., Secretary and Treasurer. 
Annapolis, Md., January 3, 1894. 



The Continental Iron Works, 

CORRUGATED FURNACEs'fOR MARINE AND 
LAND BOILERS. 

West and cal>-er Sts. 




ade in ii«i (rom iB Id, to 60 in. dianmie 

. flansEd or plain endj. 
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LIDGERWOOD MFG. CO 



HOI5TINGENaNE5 




CONTRACTORS, 

PILE DRIVING, 
BRIDGE 

BUILDING. 



8 LIBERTY ST.. NEW YORK. 34 W. Manroe St. ChiciBO. 197 Conpresi St.. Bi 

FInl A«e.. Prilsburg. 40 N, first St., Portlaixl. Oregon. GIO N. 4th St.. St. I 

15 N. 71hSl.. Philadelphia. 21 « 23 rremonl SI., San Franosco 



gCMLER / PIPE COVERINGS, Q 



Every a™ of Pipe. 

ABSOLUTELY FIRE-PROOF. ^ 




ASBESTOS 



H. W. JOHNS MFG. CO. 

B7 MAIDEN LANE, NEW YORK. 



THE HOTCHKISS ORDNANCE COMPANY 

L1M1TED=^ 



Paid-up Capital, - $5,500,000. 

MANUFACTURERS OF 



Hotchkiss Light Artillery 

flH^ Howell Automobile Torpedoes, 



AMERICAN DIVISION. 

Managing Office: 702 Seventeenth Street, Washington, D. C. 

Torpedo Factory : 14 Fountain Street, Providence, R. I. 

Gun Manufacturers : The Pratt & Whitney Company, Hartford, 

Conn. 
Ammunition Manufacturers : The Winchester Repeating Arms 

Company, New Haven, Conn. 

BRITISH DIVISION. 



Directors' Office : 49 Parliament Street, London, S. W. 
Manufacturers : Lord William Armstrong, Mitchell & Co. , New- 

castle-on-Tyne. 

FRENCH DIVISION. 



Manager's Office : 2 1 Rue Royale, Paris. 
Factory : Route de Gonesse, Saint Denis. 



STANDARD NAVAL GUNS. 

V Revol ving Cannon. — i pdr., 2 J pdr., 4 pdr. 

I pdr., 2 1 pdr., 3 pdr. 
Rapid-firing Guns. — 6 pdr., 9 pdr., 14 pdr. 

S3 pdr., 55 pdr. 

STANDARD MILITARY GUNS. 

I pdr. Field Revolver. 2 pdr. Rapid-firing Mountain Gun. 

Flank Defense Revolver. 12 '* '' '* *' '' 



Designs, estimates and material furnished for the complete armament of 
naval and auxiliary vessels. Complete batteries and equipments furnished 
for mountain and field artillery. Designs, estimates and material furnished 
for automobile torpedo outfits. 



THE EDSON 
PRESSURE-RECORDING GAUGE, 

SPECIALLY ADAPTED FOR STEAM, WATER, GAS, OIL, AMMONIA, AIR, ETC. 

Oafety. Disastrous Ka^plosions 
^^ averted. 

P conomy. Careftil firing ; 

^ saves Coal. 

Durability. Has "been e^ttei^siVely 
bsed fer 16 ^CKVB. 

PATRONIZBD h ^^^ ^^ Foreign Governments^ Names and Trans -Atlantic 
Steamship Lines in preference to all others. 100 in use by the English Govern- 
ment for its Light -house Stations alone ; 10^ by Standard Oil Companies ; also 
used at U. S Naval Academy^ U. S. Torpedo Station^ Status of Liberty^ and Ged- 
ney*s Channel Light Plants^ &*€. 

For further information and pamphlet, address 

JARVIS B. EDSON, 

87 Liberty Street, New York, 

Orford Copper Co. 

ROBT. M. THOMPSON, President. 
37 WALL ST., NEW YORK. 



COPPER INGOTS, 
WIRE, BARS AND CAKES. 

Ferro-Nickel and Ferro-Nickel Oxides 

FOR USE IN PREPARING NICKEL STEEL 

FOR ARMOR PLATES. 



SCOVILL MANUFACTURING CO. 



U. S. A. 



Sheet Brass, Copper, and Nickel Silver, 

FOR Cartridge Shelx^ and Bullet Covers. 



Copper and German Silver Wire for Electrical 

Purposes. 



Gilt Buttons for the Army and Navy. 



SINCE THE TOTAL DESTRUCTION OF OUR FORMER ESTASLISHMENT SY FIRE, WE HAVE 

REFITTED ANEW, WITH LATEST IMPROVED FACILITIES. AND HAVE NOW ONE 

OF THE FINEST AND LARGEST PLANTS IN THIS SECTION. 



WM. DBUTSCH FERD. DEUTSCH 

DEUTSCH 
. LITHOGRAPHING & PRINTING 

COMPANY 

German & Liberty Streets, BALTIMORE, MD. 

TELEPHONE 2031 



OVER TWENTY YEARS' EXPERIENCE and the established reputation of the Proprietors 
for Fine Work in above Branches of business are guarantees of the successful 
execution of the most trying orders. The work executed under their personal supervision 
for the U. S. Naval Institute, U. S. Naval Academy, Johns Hopkins University, 
Johns Hopkins Hospital, Pbabody Institute, Maryland Academy of Sciences, 
Maryland College of Pharmacy, Maryland Historical Society, Long Island His- 
torical Society, Dante Society, and similar institutions of learning and for scientific 
research, has gained a high reputation, and that for the University was awarded a silver 
medal at the Paris Exposition of 1889. 

THIS JOURNAL A SPECIMEN OF OUR WORK 

WRITC rOR ESTIMATCS 



PHOTOGRAPHIC 
CAMERAS, 



LENSES AND APPARATUS FOR ARMY AND NAVY. 



This line of goods formerly furnished by 

Scovill Manufacturing Company, 

(and now supplied by The Scovill & Adams Company, successors 
to the Photographic Department of Scovill Manufacturing Com- 
pany), is extensively employed by the various Government Depart- 
ments in fitting out Expeditions^ Explorations, Geographical an'l 
Coast Surveys, etc, and preference is invariably given to the 

CAMERAS OF 1BE AMERICAN OPTICAL COMPANY, 

which are of superior design and workmanship. They make 
Detective Cameras, Concealed Cameras, Landscape Cameras, in varie- 
ties of styles, to which the Eastman Roll Holder is added when 
desired. 

Dei Plates of all the leading makes, "Ivoet" Films, Chrmi- 
CALS, and Photographic Requisites of all kinds. 

Send for specimen copy of The Photographic Times. 

Catalogues, estimates and information cheerfully supplier! oii 
application. Correspondence solicited. 

The Scovill & Adams Company, 

Successors to Photograpfaic Departaketit of 

SCOVILL MANTTACTURIKG CTj, 

423 Broome Street 

W. IRVDiG ADAiLS, Pr^s. amd Treat, NEW YORK, 

H. LrmJEJOHX. Secretary, 



ESTABLISHED 1857. 

HMERICflN 8Hiy WINDLASS CO. 

Providence, R. I., U. S. A., Box 53. 

Orif^irial and only Builders oE the celelirated " Providence " Steam and 
Hand Windlasses, and Steam, Crank and Power Capstans for Steam and bail- 
ing Vessels, Yachts, Tugs, Wrecking Boats, Pilot Boats, Elevalors, Dry Docks, 
etc. And also, Winter's Patent Hawse Pipe Stoppers, and Wharf and Ferry 

The '•Providence" Patent Steam Capstan Windlass. 
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The foUowing United States 
Steel Cruisers, 
Chicago, Atlanta, Philadelphia, 
Boston, Baltimore, Newark. 

Gun Boats. 



Dolphin, Despatch Boat. 
Vesuviua, Dynamite Boat. 
U. S, NA\ri-. 
Mjantonomoh, Vicksburg, 

Puritan, Adams, 

South Carolina, Alliance, 

Massachusetts, Essei. 

Young Rover, Thetis, 

Cambridge, Bear. 

Coatiacoalcos, Transport. 



ssels have these -mndlassea! 

U, S, Coast Survey. 
Hassler. Blake, 

U- S. Lighthouse Dbp't. 
Haze, Dahlia. 

U. S. Revenue Dep't. 
Ceo. M. Bibb, Oliver P. Wolcott, 
Levi Woodbury, Walter Forward, 
Warrington, Geo. S. BoutweU, 

Lincoln, Com. Perry, 

Gallatin, Dallas, 

Hamilton, Ewing, 

Seward, Fesaenden, 

Colfax, Manhattan, 

Bache, Richard Rush, 

Crawford. 
U. S. Fish Commission. 
Albatross, Fish Hawk. 



The Friedenwald Coinpan>\ 

MANUFACTURERS OP BOOHLdk 

Printers, 
Lithosrniphersk 
Book Binders* 
Foldtne Box Maker«« 

Baltihore, Eutaw ^b German Sts„ 

BALTinORE. MD. 

The Leading House in every respect. 
Correspondence invited. 



EVERY READER of this jounuU to invitad to aid in tha erttction of 
a great home for newspaper workers by sendinK one dime lu ' * PrcM 
Club Bunding and Chanty Fund/' Temple CourCNew York. You will 
aid a g^reat work and receive by return mail a wonderfttl puwle-gafno. 
which amuses the youne and old, baflles the matliemaliclttnii and 
interests everybody, niblic spirited nierchanw have cuutribuiea 
twenty-five thotiaand dollars worth of premiums for such as cau solve 
tbe mystery. Ever)rthing from a " Knox " Hat to a " ^Umwuy *' Pia»o. 



COLUMBIAN UNIVERSITY, coiiconsw ecicMTiric •(f^Hooi., 

WASHINOTON. D. C 

C o urace in general chemistry* qualitative and quantitative analysis are ointr ofMSo. 

Intamctians wiU be pven m wet and dry asaajrim;. The dc!partaMant is unusually well 
equ ipped for "fius work. 

jbaatmction io modem mefbods of iron and steed analyais will be s^veo aa a sfM»cial courae tv 
p roperly qualified atudents. 

Special inotructioo in &e diemiatry of eiqikMive substances is otfered to officars of the army, 
navy and militia. 

Particular attentioD will be ^ven to providing facilities for reaearcb work iur yMC-ea^Aaanun 
atudentE who are candi^ttes for the dec^^aes of master or doctor in scienoe or philosojthy. 

Couxaee in civil and electrical engineering, astronomy, ardiitectuce, deaigaii^^ goolci^>', 
meteoroloev and natural hiatorr are given in other depanments of the scbooL 

CHARTJy £. MUMRQ£, Prufaseor ot Chemistrv. 



ARMY 



F. J. HEIBERGER, 



AND Mkrchant Tailor, 

NAVY 

535 FIFTEENTH STREET, 



OPPOSITE U, S. TREASURY, 



WASHINGTON, D. C. 



DICE & DUVAL, ® * 

Moderate Prices. f ■ ^ AIT /^\ 115 O 

ARMY AND NAVY [ ^^ *^^ *^^' 

UNIFORMS AND 231 BROADWAY, 

FASHIONABLE NEW YORK. 

CIVILIAN DRESS. opp. n. y. post office. 



THE 



Hydro-Pneumatic Ash Ejector 



PATENTED IN THE UNITED STATES AND EUROPE. 



Prevents soiling of the decks and annoyance of the passengers. 
Relieves the firemen from hoisting ashes, and gives them more time to 
attend to fires. Does not injure paint or plating at side of vessel. 

The work of discharging can be done in port as well as at sea. 

The repairs will cost less than with the old methods. 



HORACE SEE, 

Sole manufacturer under the Patents, 



I BROADWAY, 



New York. 



List of some of the Vessels to which it has been Applied. 



s. s. 
s. s. 
s. s. 
s. s. 
s. s. 
s. s. 
s.s. 
s. s. 
s.s. 



Morgan City. 
New York. 
Algiers. 
Peru. 
Colombia. 
El Sol. 
El Sud. 
El Norte. 
El Rio. 

H. 



S. S. Turret. 
S. S. Lahn. 
S. S. H. H. Meier. 
S. S. Mineola. 
S. S. Bayern. 
S. S. El Cid. 



Str. Maine. 
Str. New Hampshire* 
Str. Richard Peck. 
M. Despatch Boat Hohenzollern, 

(Yacht of the Emperor of Germany.) 



Str. Al. Foster. 
Str. Nutmeg State. 
Yacht Corsair. 
Yacht Conqueror. 
Yacht Oneida. 
Yacht Starling. 
Yacht Tillie. 
Yacht Radha. 
Yacht Kanapaha. 




95 & 97 LIBERTY STREET, 
New York. 



Marine Steam Pumps of Every Description. 



Independent AIf PumpB and 

Combined Air and Circulating Pumps a Specialty. 

,«, Contractors for thpoutfil of Steam Pumps for the U. S. Cnii^er^ Nsw York, Dcli 
g.No. 10, No. 11, No. 11 and No. 13; also far £altlcihlpa Maine. Mas»[:hiuctts, and 1 
alio ibr GunbDati Petrel. No. 5, aod No. 6 ; also Dynamite Cniliet Vt^aiias : also 
Defense Kam Kc. 1. 
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STANFORD UNIVERSITV LIBRARIES 

STANFORD AUXILIARY LIBRARY 

STANFORD, CALIFORNIA 94305-6004 

(6501 723-9201 

5alcirc@5jlmall-stanford.edu 
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